Dynamic Planet SSSS Notes 2021
i. The six most abundant ions of seawater are chloride (Cl−), sodium (Na+), sulfate (SO24−), magnesium (Mg2+), calcium
(Ca2+), and potassium (K+). By weight these ions make up about 99 percent of all sea salts.Inorganic carbon, bromide,
boron, strontium, and ﬂuoride constitute the other major dissolved substances of seawater. Of the many minor
dissolved chemical constituents, inorganic phosphorus and inorganic nitrogen are among the most notable, since
they are important for the growth of organisms that inhabit the oceans and seas. Seawater also contains various
dissolved atmospheric gases, chieﬂy nitrogen, oxygen, argon, and carbon dioxide. Some other components of
seawater are dissolved organic substances, such as carbohydrates and amino acids, and organic-rich particulates.
These materials originate primarily in the upper 100 metres (330 feet) of the ocean, where dissolved inorganic
carbon is transformed by photosynthesis into organic matter. The carbon dioxide dissolved in water from the
atmosphere forms weak carbonic acid which dissolves minerals. When these minerals dissolve, they form ions,
which make the water salty. While water evaporates from the ocean, the salt gets left behind.
THESE SALTS
MAKE UP ONLY 3.5% OF THE WEIGHT OF SEAWATER.
THE OTHER 96.5% IS WATER AND OTHER MATERIAL.
To make artiﬁcial seawater, add NaCl, MgCl, NaSO4, and CaCl.

The weights of these most common elements per kg of seawater is
Cl: 0.9989g/kg , Na: 0.556g/kg, S: 0.14g/kg, Mg: 0.068g/kg, Ca: 0.02125g/kg.
Salinity of the oceans in various areas: Forchhammer put the samples through a detailed series of chemical analyses
and found that the proportions of the major salts in seawater stay about the same everywhere. This constant ratio is
known as Forchhammer's Principle, or the Principle of Constant Proportions.
Salt in the ocean comes from rocks on land, sediment runoff from rivers, weathering of continents, hydrothermal
vents, volcanic eruptions, and undersea volcanoes.
The rain that falls on the land contains some dissolved carbon dioxide from the surrounding air. This causes the
rainwater to be slightly acidic due to carbonic acid (which forms from carbon dioxide and water). As the rain erodes
the rock, acids in the rainwater break down the rock. This process creates ions, or electrically charged atomic
particles. These ions are carried away in runoff to streams and rivers and, ultimately, to the ocean. Many of the
dissolved ions are used by organisms in the ocean and are removed from the water. Others are not used up and are
left for long periods of time where their concentrations increase over time. Two of the most prevalent ions in
seawater are chloride and sodium. Together, they make up over 90 percent of all dissolved ions in the ocean.
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Sodium and Chloride are 'salty.' The concentration of salt in seawater (salinity) is about 35 parts per thousand, on
average. Stated in another way, about 3.5 percent of the weight of seawater comes from the dissolved salts.
By some estimates, if the salt in the ocean could be removed and spread evenly over the Earth’s land surface it
would form a layer more than 500 feet thick, about the height of a 40-story ofﬁce building. The graph used to
measure the salinity of water as it gets deeper is called a halocline.
The ocean is saltier at the surface because of increased evaporation, and lowers in salinity because of the decreased
evaporation, and also increased plant & animal life that utilizes the salinity in the water.
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ii. Shortwave radiation is in the visible light spectrum, and is higher energy than the longwave radiation. The Sun
gives off tons of heat and energy, so shortwave radiation is emitted. This travels down to Earth, usually with very
little getting past the ozone, atmosphere, and cloud cover. However, with the destruction of the ozone layer
(especially over the polar ice caps), these shortwaves can travel down to Earth easily, and turn into: Longwave
radiation! The energy is transferred when the shortwave radiation hits the ground, and is converted into longwave
infrared energy. This decrease in energy occurs because Earth is much colder than the Sun, meaning less energy to
give off. These newly formed longwaves are reﬂected back up into the atmosphere as heat waves (infrared), usually
making it back up into space to fulﬁll the balance of atmospheric energy. However, some greenhouse gases (CO2,
CH4,N2O,H2O) can trap certain wavelengths of radiation, which heats up the atmosphere little by little. Blue
colored light penetrates deepest into seawater, followed by green light.

Shortwave Radiation Heat ﬂux is caused by major and minor factors. Major factors are Solar inclination, clouds, and
day length. Minor factors are Cross-sectional area normal to incoming radiation, reﬂectivity of a surface, and
Aerosols or absorbing gases.
In meteorology, latent heat ﬂux is the ﬂux of heat from the Earth's surface to the atmosphere that is associated with
evaporation or transpiration of water at the surface and subsequent condensation of water vapor in the
troposphere, indicating a change in state.

Latent heat ﬂux can be calculated as [(wind speed 10 meters above sea level in m/s) * (latent heat of evaporation in
kJ/kg, or j/kg, which makes the /1000 at the end change to /1 million. For water it is 22.6*10^5J) * (Heat transfer
coefﬁcient in W/m^2*K) * (density of air in kg/m^3) * (speciﬁc humidity gradient in g/kg)] / 1000. This ends up in
units of W/m^2.
Latent heat is the heat energy per mass unit required for a phase change to occur. If we think about substances at a
molecular level, gaseous molecules have more vibration than liquid molecules. So when you add heat to a liquid, you
are actually causing the molecules to vibrate. The latent heat is the energy required to change the molecular
movement. Each substance has a unique latent heat value. The latent heat of vaporization for water is 22.6 x 10^5
J/kg. This means that 22.6 x 10^5 J of heat energy must be added to turn one kilogram of water from liquid to gas at
100 degrees Celsius
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The overall heat transfer coefﬁcient is used to calculate total heat transfer through a wall or heat exchanger
construction. The overall heat transfer coefﬁcient depends on the ﬂuids and their properties on both sides of the
wall, the properties of the wall and the transmission surface.
Speciﬁc humidity, is the mass of water vapour in a unit mass of moist air, usually expressed as grams of vapour
per kilogram of air, or, in air conditioning, as grains per pound. The speciﬁc humidity is an extremely useful quantity
in meteorology. For example, the rate of evaporation of water from any surface is directly proportional to the
speciﬁc humidity difference between the surface and the adjoining air.
Absolute humidity is the vapour concentration or density in the air. If mv is the mass of vapour in a volume of air,
then absolute humidity, or dv, is simply dv = mv/ V, in which V is the volume and dv is expressed in grams per cubic
metre. This index indicates how much vapour a beam of radiation must pass through.
This equation relates the heat Q that must be added or removed for an object of mass m to change phases. The
object's individual latent heat is noted by L. The unit of latent heat is J/kg.
The values of latent heat are variable depending on the nature of the phase change taking place: The latent heat of
fusion is the change from liquid to solid. The latent heat of vaporization is from liquid to gas. The latent heat of
sublimation is the change from solid to gas.
Sensible heat ﬂux is the ﬂux of heat energy from the Earth’s surface to the atmosphere that has no change in phase.
This usually is seen in anything that is heated directly by absorbing the Sun’s light, or when hotter air formed by
latent heat conducts with cooler air, heating it up.
A runaway greenhouse effect is when there is enough of a greenhouse gas in a planet's atmosphere such that the
gas blocks thermal radiation from the planet, preventing the planet from cooling and from having liquid water on its
surface. The runaway greenhouse effect can be deﬁned by a limit on a planet's outgoing longwave radiation which is
asymptotically reached due to higher surface temperatures boiling a condensable species (often water vapor) into
the atmosphere, increasing its optical depth. This runaway positive feedback means the planet cannot cool down
through longwave radiation (via the Stefan–Boltzmann law) and continues to heat up until it can radiate outside of
the absorption bands of the condensable species.
Geothermal energy is thermal energy generated and stored in the Earth. Thermal energy is the energy that
determines the temperature of matter. The geothermal energy of the Earth's crust originates from the original
formation of the planet and from radioactive decay of materials (in currently uncertain but possibly roughly equal
proportions). The geothermal gradient, which is the difference in temperature between the core of the planet and
its surface, drives a continuous conduction of thermal energy in the form of heat from the core to the surface.
Nutrients come from and support life near these geothermal vents, providing life in the deep ocean basins.Heat is
transferred in the oceans and out of the oceans in 3 main ways.
A venting black smoker emits jets of particle-laden ﬂuids. The particles are predominantly very ﬁne-grained sulﬁde
minerals formed when the hot hydrothermal ﬂuids mix with near-freezing seawater. These minerals solidify as they
cool, forming chimney-like structures. “Black smokers” are chimneys formed from deposits of iron sulﬁde, which is
black. They are also much hotter than whtie smokers. They usually spew extremely hot water “White smokers” are
chimneys formed from deposits of barium, calcium, and silicon, which are white. Underwater volcanoes at
spreading ridges and convergent plate boundaries produce hot springs known as hydrothermal vents. Scientists
ﬁrst discovered hydrothermal vents in 1977 while exploring an oceanic spreading ridge near the Galapagos Islands.
To their amazement, the scientists also found that the hydrothermal vents were surrounded by large numbers of
organisms that had never been seen before. These biological communities depend upon chemical processes that
result from the interaction of seawater and hot magma associated with underwater volcanoes. Hydrothermal vents
are the result of seawater percolating down through ﬁssures in the ocean crust in the vicinity of spreading centers
or subduction zones (places on Earth where two tectonic plates move away or towards one another). The cold
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seawater is heated by hot magma and reemerges to form the vents. Seawater in hydrothermal vents may reach
temperatures of over 700° Fahrenheit.Hot seawater in hydrothermal vents does not boil because of the extreme
pressure at the depths where the vents are formed. Longwave radiation, Evaporating heat transfer, and direct
ocean-air heat transfer.
iii.

.

Wind-driven surface currents are restricted mostly to the ocean's uppermost 100 m (300 ft) layer or so depending
upon the depth of the pycnocline. This is because the thickness of the surface mixed layer is typically 100 m or less.
The pycnocline acts as a porous boundary that allows some kinetic energy to penetrate into deep water. The
strongest currents generally occur in the ocean's surface layer although some surface currents such as boundary
currents like the Gulf Stream (discussed later) can be relatively strong to depths of several hundred meters.
Surface currents are changeable, continually responding to variations in the wind, precipitation, and heating or
cooling. SURFACE CURRENTS USUALLY TRAVEL AT 2% WIND SPEED. Stirring of surface waters by the wind
produces a well-mixed layer of uniform or nearly uniform density. For this reason, the ocean surface is called the
mixed layer. We know most about the mixed layer because ships, aircraft, and Earth-orbiting satellites can readily
monitor it. The pycnocline, situated between the mixed layer and the deep layer, is where water density increases
rapidly with depth because of changes in temperature and/or salinity. Recall that cold water is denser than warm
water and salty water is denser than freshwater. Where a decline in temperature with depth is responsible for the
increase in density with depth, the pycnocline is also a thermocline. On the other hand, if an increase in salinity is
responsible for the increase in density with depth, the pycnocline is also a halocline. Typically, the pycnocline
extends to a depth of 500 to 1000 m (1600 to 3300 ft). (However, in middle latitudes seasonal pycnoclines may
develop within the mixed layer.) The dark, cold deep layer below the pycnocline accounts for most of the ocean's
mass. Within the deep layer, density increases gradually with depth and water moves slowly; in only a few locations
(usually near the bottom) are water movements fast enough to be considered currents. THERE IS NO
THERMOCLINE AT HIGH LATITUDES, AND THERE IS NO PYCNOCLINE AT HIGH LATITUDES. This is because
there is not enough solar energy in the higher latitudes to form differences in temperature or density at a degree to
make a pycnocline.

5
/

Mixed layer is AKA as Epilimnion, and the pycnocline and thermocline are interchangable, also the deep layer is AKA
hypolimnion.
The depth of the mixed layer of the thermocline is deepest during winter.
LAYERS OF OCEAN BY LIGHT:
5. Hadalpelagic Zone (The Trenches)
The Hadalpelagic zone is also called the Trenches and is found from the ocean basin and below. The Hadalpelagic
zone lies between 19,686 feet to 36,100 feet. The depth depends on the trenches and valleys in the area. Japan’s
Marina Trench is the deepest part of the ocean ever to be explored by man, and it sits at 35,797 feet. In Puerto Rico,
ﬁsh were discovered at 27,460 feet deep. The zone cannot be explored without specialized kits due to its cold
temperatures and high pressure. Natural light cannot penetrate to the Trenches. Different creatures can be found
in this layer, mostly invertebrates including starﬁsh.

4. Abyssopelagic Zone (Abyss) The Abyssopelagic zone, also known as the Abyss or Abyssal zone, lies just above the
hadalpelagic layer between 13,124 feet and 19,686 feet. The layer’s name has origins in the Greek language and
loosely translates to “no bottom.” Just like the layer below it, temperatures are near freezing point, and there is no
penetration of natural light. Pressure is also high due to the weight of the water above. Invertebrates like sea stars
and squids can survive in this environment. Over 75% of the ocean ﬂoor lies can be found within this zone with the
continental rise starting here.
3. Bathypelagic Zone (Midnight Zone)
The Bathypelagic layer is found between 3,281 feet and 12,124 feet just above the Abyss. This layer is also called the
midnight or the dark zone. Although the Bathypelagic zone is dark, visible light may be observed from sea creatures
found here. The pressure in the zone reaches 5,858 psi, and a huge number of different sea species are found in the
layer. Many animals in this layer are either black or red thanks to low sunlight penetration. Some whale species, like
the sperm whale, spend some time at this level in search of food.
2. Mesopelagic Zone (Twilight Zone) Above the Bathypelagic zone lies the Mesopelagic layer (Twilight or midwater
zone). The Mesopelagic zone lies between 656 feet and 3,281 feet. The zone is home to some of the strangest sea
animals like the swordﬁsh and the wolf eel. Faint sun rays penetrate the layer. Only 1% of light reaches this layer.
Typically between 34.5 to 35 psu (ppthousand salt). Contains the thermocline, halocline, and pycnocline. Pressure
up to 1470 psi.
1. Epipelagic Zone (Sunlight Zone) The Epipelagic zone is known as the surface layer or the sunlight zone of the
ocean ranging from the surface to 656 feet. There is plenty of light and heat within this layer although both
decrease as the depth increases. Pressure is also minimal and increases with depth. Most oceanic life and human
activities like leisure, ﬁshing, and sea transport occur in the Epipelagic zone. The coral reefs can be found in the
layer and the photosynthesis process occurs here.Seasonal temperature extremes are milder near large bodies of
water and more extreme further inland because water is slower to heat up and cool down than air or even land.
The ocean (as well as other large bodies of water) have considerable "thermal inertia". They warm slowly as heat is
added, but also give up that heat slowly as their surroundings cool. Sunlight provides a lot of heat to the uppermost
layers of the ocean in areas outside the polar regions. The warming sunlight only penetrates to depths of a few tens
of meters. Sea surface temperatures range from slightly below freezing near the poles to an annual average near 30°
C in the tropics. Wind-driven surface waves and the tides stir the surface layer so the heat is distributed throughout
the top few hundred meters of ocean water. Since the surface layer is exposed to the atmosphere, a warming
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atmosphere can transfer heat to the upper layers of the ocean. The deeper ocean, which contains about 90% of all
ocean water, does not mingle much with the surface layers. Water temperatures in the deep ocean are only
between about 0° C and 4° C, and are nearly uniform throughout the world's oceans. Between the surface and deep
ocean is a sharp transition between warmer surface called the thermocline at a depth of about a few hundred
meters. Although surface and deep waters are not well-mixed, they do mix gradually over hundreds of years
through the movements of a global ocean current (a pattern called thermohaline circulation, which is discussed in a
following reading). Water plunges into the deep ocean in the North Atlantic and around Antarctica and eventually
raises some of the cold deep water to the surface in the Paciﬁc and the Indian Ocean. The current generally takes at
least a couple hundred years, and can last as long as 1,600 to 2,000 years. Warming effects that began early during
the Industrial Revolution in the mid-1800s are now being felt in the deep oceans.
Pressure: At sea level, the air that surrounds us presses down on our bodies at 14.5 pounds per square inch. You
don't feel it because the ﬂuids in your body are pushing outward with the same force. Dive down into the ocean
even a few feet, though, and a noticeable change occurs. You can feel an increase of pressure on your eardrums.
This is due to an increase in hydrostatic pressure, the force per unit area exerted by a liquid on an object. The
deeper you go under the sea, the greater the pressure of the water pushing down on you. For every 33 feet (10.06
meters) you go down, the pressure increases by 14.5 psi.

Variable
Temperature

Ocean Range
-2°C to 40°C

Absolute Salinity 0 g/kg to 42 g/kg
Pressure
In-situ Density

0 dbar to 11000 dbar
1000 to 1060 kg/m3

Ocean Mean
3.5°C
34.9 g/kg
1850 dbar
1036 kg/m3

Required Accuracy
±0.002°C
±0.002 g/kg
< ±3 dbar
±0.004 kg/m3

7
/

iv. The oceans occupy three quarters of the Earth’s surface. Topography of the ocean ﬂoor is constituted by
numerous landforms that exist in the vast expanse of the oceans – from continental shelves to the deepest parts.
Radar altimetry, a technique in which the travel time of a microwave pulse as it travels to the bottom of the ocean
and is reﬂected back, is used to map the ocean-ﬂoor topography. Other methods of exploring the seabed involve
the use of small manned submarines, remotely operated underwater vehicles (ROVs), and baited camera stations.
In physical geography, the part of the continent that is submerged in shallow seas is referred to as the continental
shelf. It extends from the seashore or coastline all the way to the continental slope. This zone is shallow, slopes
progressively, and normally holds water that is not very deep. Continental shelves have a ﬂat topography (0.5°
gradient), the average depth being ~130 m, or from 100-200 m. The width of the continental shelf varies
signiﬁcantly from place to place, ranging from a few kilometers to hundreds of km, but the average is 65 km.
(keep in mind that when measuring the depth of the oceans, it is much less precise than measuring things like
contour on land).
The region where the continental shelf ends and the continental slope begins is known as the shelf break. Beyond
this, the ocean ﬂoor descends steeply into the continental slope, which deﬁnes the transition between the granite
crust of the continent, and the basaltic crust of the ocean.
The seaward border of the continental shelf is a strip of the ocean ﬂoor known as the continental slope. The
combined total length of the world’s continental slope is approximately 300,000 km. The outer edge of the
continental slope is deﬁned by the continental rise – a major depositional regime in oceans made up of thick
sequences of continental material that accumulate between the continental slope and the abyssal plains. The
continental rise lies at depths ranging from 4000 to 5000 m beneath the ocean surface, and a width of 500 km.
About 8.5 percent of the ocean ﬂoor is covered by the continental slope-continental rise system.
Whereas the continental shelves have an average slope of 0.5°, that of the continental slopes are in excess of 4o.
Gradient of the slope is lowest off stable coasts where there are no major rivers, and highest off coasts with young
mountain ranges and narrow continental shelves. Most Paciﬁc slopes are steeper than Atlantic slopes. Gradients are
ﬂattest in the Indian Ocean. Continental slopes are about 100-3200 m down, and have a width of 10-20 km.
Deep-sea fan is a fan shaped deposit of sediment near the continental slope bottom.
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Along carbonate margins, faulted margins or tectonically active margins, the gradients of continental slopes can
reach 90o. Such slopes have either a poorly developed continental rise or none at all. About half of all continental
slopes descend into deep-sea trenches or shallower depressions, while most of the remaining terminate in fans of
marine sediments or in continental rises. The transition from continental crust to oceanic crust usually occurs
below the continental slope.
Deep valleys called submarine canyons have been observed in the continental slopes. These canyons run
perpendicular to the length of the continental slope. Since many canyons are associated with major rivers such as
the Congo, Hudson, and others, it is believed that these valleys have been created due to the erosional action of
turbidity currents, which pull the sediment and deposit it in the abyssal plain. Some submarine canyons may also be
produced by earthquakes, or erosion by violent ocean currents like the Gulf Stream.

Pelagic refers to open ocean. Neritic refers to shallow water near the coast, covering the continental shelf. Photic
refers to where light reaches, with aphotic referring to where light doesn’t reach/play a big role in. Meso means
middle/intermediate, bathy meaning deep, and abyssal meaning bottomless. Benthic refers to the zone that is
comprised of the ocean ﬂoor, the sediments that are found in it, as well as the organisms found along the ocean
ﬂoor. Organisms that live in this zone are known as benthos.

Littoral refers to the coastline/shore of the body of water, and sublittoral referring to the zone just under the
coastline/shore. Bathyal refers to the zone of the sea between the continental shelf and abyssal zone, or the
continental slope. Abyssal refers to the zone of water that is in between the foot of continental slope/shelf and the
mid-ocean ridge or trench, containing the abyssal plain. Hadal refers to zones of ocean greater than 20,000 ft down,
which is basically just trenches.
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Supralittoral refers to the area above the littoral zone, that is out of the water, above the spring high tide line, but is
frequently splashed by waves. It is also known as the supratidal, spray, or splash zone.
Sediments:
Lithogenous: AKA Terrigenous, Sediments that come from land via rivers, ice, wind, and other processes. They are
often formed together when metal and silicate ions bond. There are two types of lithogenous sediments;
terrigenous and “red clay" and they are different because of the process behind their existences. For instance,
terrigenous sediments are produced as a result of the weathering process of rocks above the water. These eroded
particles are carried by the wind and other natural means to the oceans and are deposited at the bottom. Although
it can be easily found in river beds, not much of this ﬁnds its way to the deep ocean. Red clay lithogenous sediment,
on the other hand, is plentiful in the ocean. It is reddish-brown (hence the name) and is a combination of
terrigenous material and volcanic ash. It is transported to the oceans by currents and wind and it settles in deep
places along the ocean ﬂoor. MOST ABUNDANT SEDIMENT ON THE OCEAN FLOOR.
Hydrogenous: AKA Autochthonous, Come from precipitation of minerals from the ocean’s water or can be formed as
a new mineral as a result of chemical reactions between the water of the ocean and sediments that already exist on
the ocean ﬂoor. Chemically speaking, this is an interesting sedimentary process because of the reactions that take
place. For instance, the water of earth’s oceans contains ions that have already been dissolved. When evaporation
occurs and large amounts of these ions remain the area can become saturated with the leftovers from this process,
salt.
Biogenous: Come from organisms like plankton when their exoskeletons break down. In many areas where the
water is shallow, a majority of these sediments are the remains of shells or fragments from shelled sea creatures as
well as corals. In the deep sea where there is no such a high concentration of these life forms, biogenous sediment
is made from the microscopic shells that are deposited by tiny plants, animals, and plankton that live on the water’s
surface and eventually make their way down to the ocean ﬂoor. MOST ABUNDANT SEDIMENT THROUGHOUT
THE OCEAN.
Cosmogenous: Come from space, ﬁltering in through the atmosphere or carried to earth in meteorites. They are
comprised of silicates and mixtures of different metals and, as one might imagine, they are not incredibly common
to ﬁnd. This is rather surprising because there is a constant “rain of these materials that falls to earth daily. The
amounts of such sediments also leads researchers to wonder if these space-driven events might have been
responsible for mass extinction and thus these sediments hold several possible keys to future understanding of
ancient life on earth.
Calcareous Ooze: Calcareous ooze is a calcium carbonate mud formed from the hard parts (tests) of the bodies of
free-ﬂoating organisms. Once this mud has been deposited, it can be converted into stone by processes of
compaction, cementation, and recrystallization.The main contributors to the ooze are coccolithophores and
foraminifera. Coccolithophores are tiny single-celled organisms which cover themselves with tiny plates of calcite
known as coccoliths. Foraminifera are also single-celled organisms. In some species this single cell will grow to be
several centimeters in diameter, but most species of foraminifera are less than 1mm in diameter. While some will
produce shells by gluing available sediment together, or by secreting shells from silica dissolved in seawater, most
produce shells of calcite. Found commonly in shallow Paciﬁc waters and deep Atlantic.
Term for when marine animals die and sink to the ocean ﬂoor is marine snow.
Siliceous: Biogenous sediments that form from the composition of diatoms and radiolaria. Siliceous oozes are the
least common of the deep sea sediments, and make up approximately 15% of the ocean ﬂoor. Oozes are deﬁned as
sediments which contain at least 30% skeletal remains of pelagic microorganisms. Other components of siliceous
oozes near continental margins may include terrestrially derived silica particles and sponge spicules. Siliceous
oozes are composed of skeletons made from opal silica Si(O2), as opposed to calcareous oozes, which are made from
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skeletons of calcium carbonate organisms (i.e. coccolithophores). Siliceous marine organisms, such as diatoms and
radiolarians, use silica to form skeletons through a process known as biomineralization. Diatoms and radiolarians
have evolved to uptake silica in the form of silicic acid, Si(OH)4. Once an organism has sequestered Si(OH)4
molecules in its cytoplasm, the molecules are transported to silica deposition vesicles where they are transformed
into opal silica (B-SiO2). Diatoms and radiolarians have specialized proteins called silicon transporters that prevent
mineralization during the sequestration and transportation of silicic acid within the organism.

Red represents terrigenous sediments, Blue represents carbonate sediments, green represents clay sediment, and
Orange represents siliceous sediments.
A buildup of sediments at a convergent plate boundary that becomes a part of the non-subducting plate is an
Accretionary wedge/prism.

FEATURES:

The ocean ﬂoor lies beyond the base of the continental rise, in waters 4000 to 6000 meters deep. The ocean ﬂoor
accounts for nearly 30% of the Earth's surface, and is made up of a relatively thin layer (on average 5 km) of basaltic
rock with an average density of 3.0 grams per cm3.
Skerry is a small, rocky island or a reef.
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Seamounts are isolated, steep sided, cone shaped submarine hills having a relief of more than 1 km. Seamounts and
Guyots are volcanoes that rose from the ocean ﬂoor, sometimes to the sea surface or above. The tops of some of the
sea-mounts were destroyed due to erosion by waves, resulting in their tops being ﬂattened. The resulting
ﬂat-topped conical hills are called guyots.
Guyots, also known as tablemounts, are isolated underwater volcanic mountains (seamounts), with a ﬂat top lying
more than 200 m below the sea surface. The diameters of these ﬂat summits can exceed 10 km.
Knolls or abyssal hills are several km wide and are found mostly in the Paciﬁc, with relief ranging from 30-1000 m.
The ocean basins are also marked by the presence of fracture zones which are generally E-W oriented, extending
for several thousand km across major oceans.
Atolls are ring-shaped coral reefs, islands, or series of islets. They surround bodies of water called lagoons.
Sometimes, atolls and lagoons protect a central island. Channels between islets connect a lagoon to the open ocean
or sea. Atolls also develop with underwater volcanoes.

The width of mid-ocean ridges typically varies between 1000 and 4000 km. Their crests are commonly 2-3 km
higher than neighboring ocean basins, and locally the topography can be quite rugged. The gross morphology of
ridges appears to be controlled by spreading rates. Very early on it was recognized that many of the essential
characteristics of the ridges – including their topography – vary as a function of spreading rate. Half spreading rate
in the Eurasian basin of the Arctic Ocean, and along the Southwest Indian Ocean Ridge is less than 10 mm/yr. On
the East Paciﬁc Rise, between the Nazca and Paciﬁc plates, half spreading rates are as much as 150 mm/yr.
Spreading rates vary widely at different points around the mid-ocean ridge system. STRIKE SLIP FAULTS ARE
FREQUENT THIN LINES PERPENDICULAR TO THE MID RIDGE THAT ARE CAUSED BY UNEVEN SPREAD RATES,
AND “CUT” THROUGH THE RIDGE LINE.
RIDGE VS RISE: Mid-ocean ridges have a much steeper slope than an ocean rise, as it stands as much as 3000 m
above the surrounding area. Ocean rises are also formed by growing centers, which is broader, lower, smoother, and
faster spreading (16.5 cm vs 2.5 cm per year, in the case of the East paciﬁc rise and Mid-ocean ridge respectively)
than a mid-ocean ridge.
In both cases, the axis of spreading is marked by a narrow zone of volcanic activity that is ﬂanked by zones of
ﬁssuring. Away from this volcanic zone, the topography is controlled by vertical tectonics on normal faults, giving
rise to fault scarps, a small step or offset on the crust where one side of a fault has moved vertically with respect to
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the other. Fault scarps on fast-spreading ridges are tens of meters in height, giving rise to an axial topographic high,
which may be up to 400 m in height and 1-2 km in width.
Within this high a small linear depression, or graben, less than 100 m wide and up to 10 m deep is sometimes
developed. Grabens are formed by divergent forces.
On slow-spreading ridges the median rift valley, a large elongated depression with steep walls formed by the
downward displacement of a block of the earth's surface between nearly parallel faults or fault systems, is typically
30-50 km wide and 500-2500 m deep. The inner valley ﬂoor may be as wide as 12 km, and is bounded by normal
fault scarps approximately 100 m in height.
Sometimes, rift valleys or mid ocean ridges break, disturbing the path of the ridge/line in the divergent boundary.
This is caused when the plates move, forming a transform boundary. The transform boundary is in between the 2
ends of the broken ridge, following the line that the plate took to form the break, but staying “inside” the boundaries
of the 2 pieces of ridge. The transform boundary that is outside of that enclosed area “inside” of the boundaries is
called the fracture zone.

Island arcs are chains of islands that form as a result of volcanic activity when one tectonic plate slides underneath
another. They are mostly found in a region encircling the Paciﬁc Ocean, where there is a lot of tectonic activity that
causes numerous earthquakes and volcanic and magmatic activity leading to the formation of volcanic islands in the
form of arcs.
Island arcs are arcuate in shape, with their concave side facing towards the continent and the convex side towards
the open ocean. There is usually a shallow sea on the concave side, while on the convex side there is almost
invariably a long, narrow deep sea trench. The greatest oceanic depths are encountered along these trenches, as for
example the Mariana and Tonga Trenches. Most of the world’s island arcs are in the Paciﬁc, as for example, the
Aleutian Islands of Alaska. Considering the topography of the island arc-trench system from the oceanward side, a
ﬂexural bulge about 500 m from the seaﬂoor occurs between 100 to 200 km from the trench. The forearc region
comprises the trench, the accretionary prism, and the forearc basin.
The accretionary prism consists of thrust slices of trench ﬁll sediments as well as those of the subducting ocean
crust that have been scraped off by the leading edge of the overriding slab. The forearc basin is a region of quiet,
ﬂat-bedded sedimentation between the accretionary prism and island arc. The island arc itself is made up of an
outer sedimentary arc and an inner volcanic/magmatic arc. The sedimentary arc comprises coralline and
volcaniclastic sediments while the inner arc is composed of a string of explosive volcanoes. Both the arcs are
underlain by volcanic rocks older than those found in the magmatic arc. The majority of island arcs occur along the
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western margin of the Paciﬁc Basin. The few exceptions are the East Indian and West Indian arcs and the Scotia Arc
in the South Atlantic. THE LARGEST OCEAN TRENCH IS THE MARIANA TRENCH, WHICH IS 2,550 MILES LONG,
THE DEEPEST POINT BEING CHALLENGER DEEP AT 10,900 METERS DEEP, AT THE CONVERGENT BOUNDARY
BETWEEN THE PACIFIC AND MARIANA PLATES.
The Puerto Rico Trench is the deepest part of the Atlantic Ocean, with water deeper than 8,400 meters. It is a
convergent boundary located between the North American and Caribbean plates.
Back-arc basins are typically found near the convergence of two tectonic plates. Ex. Kurill basin and South Fiji basin.

ESTUARY:
An estuary is a partially enclosed coastal body of brackish water with one or more rivers or
streams ﬂowing into it, and with a free connection to the open sea. Estuaries form a transition
zone between river environments and maritime environments known as ecotone. Estuaries have
2 layers, one which is going more out towards the sea, and the other towards the fresh water.
The line between these two layers is known as the interface. The head of the estuary receives
the fresh water, while the mouth of the estuary receives the salt water. HIGHEST LEVEL OF
ORGANISM GROWTH OUT OF ANY OTHER OCEANIC FORMATION/REGION.
Types: Coastal plain, bar-built, deltas, tectonics, fjords
COMPOSTIONAL:
Salt Wedge: The salinity in both layers of the estuary are nearly identical along the entire length
of the estuary. The vertical proﬁle shows an increase in salinity as the depth increases, and the
interface depth rises from the head of the estuary, up towards the mouth, forming a wedge
shape. These are the most stratiﬁed, or least well-mixed, of all the estuaries.
Partially mixed estuary: In a partially mixed estuary, the vigorous rise and fall of the tide
generates strong turbulence and causes partial mixing between the fresh water above and the
salt water below. Under these conditions the river ﬂow entrains 10 to 20 or more times its own
volume of salt water, and the compensatory landward ﬂow of seawater near the bottom is
correspondingly increased. The effect of Earth’s rotation (Coriolis effect) is to cause the surface
ﬂow to be stronger on the right-hand side facing seaward in the Northern Hemisphere and on
the opposite side in the Southern Hemisphere. The bottom ﬂow is stronger on the opposite side
of the estuary.
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Well-mixed: Name is pretty self explanatory, means that the salty and fresh water are in equal
proportions/ratio throughout the entire vertical proﬁle of the estuary. Low river input, but has
great tidal movement.
ESTUARIES ARE USUALLY THE FIRST TO GET NUTRIENTS FROM RUNOFF, STREAMS, etc.
Coastal plain: Chesapeake Bay on the East Coast of the United States and Coos Estuary on the
West Coast are both coastal plain estuaries. These, and most other coastal plain estuaries in
North America, were formed at the end of the last ice age between 10,000-18,000 years ago. As
glaciers receded and melted, sea levels rose and inundated low-lying river valleys. Coastal plain
estuaries are also called drowned river valleys. Other examples of coastal plain estuaries include
the Hudson River in New York, Narragansett Bay in Rhode Island, the Thames River in England,
the Ems River in Germany, the Seine River in France, the Si-Kiang River in Hong Kong, and the
Murray River in Australia.

FORMATION:
Bar-built: Bar-built or restricted-mouth estuaries occur when sandbars or barrier islands are
built up by ocean waves and currents along coastal areas fed by one or more rivers or streams.
The streams or rivers ﬂowing into bar-built estuaries typically have a very low water volume
during most of the year. Under these conditions, the bars may grow into barrier beaches or
islands and the estuary can become permanently blocked. The area between the coast and the
barrier beaches or islands are protected areas of calm water called lagoons. Barrier beaches or
islands break the impact of destructive ocean waves before they can reach the estuary and
mainland, consequently protecting them. The barrier beaches take the brunt of the waves' force
and are sometimes completely washed away, leaving the estuary and coast exposed and
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vulnerable. During heavy rains, large volumes of water ﬂowing down the river or stream can also
completely wash away small bars and reopen the mouth of the estuary
Deltas: Deltas form at the mouths of large rivers, when sediments and silt accumulate rather
than being washed away by currents or ocean waves. Over time, a complex set of channels, sand
barriers and marshes form at the mouth of the river. As sediments continue to accumulate, the
course of the river may even be changed. The name delta comes from the resemblance of the
triangular fan-shaped mouth of the famous Nile River Delta to the Greek letter delta
(Δ).Bar-built estuaries and deltas both have large deposits of silt, mud and sand near their
mouths, but the processes forming each of these estuaries are quite different. In deltas,
sediments are carried downstream and deposited at the mouth of the river. Bar-built estuaries
are formed by ocean waves and currents pushing sediments shoreward, building up sandbars
and forming barrier islands
Tectonic: The ﬁrst stage in the formation of a tectonic estuary is when the rapid movement of
the Earth’s crust causes a large piece of land to sink, or subside, producing a depression or basin.
These drastic changes typically occur along fault lines during earthquakes. If the depression
sinks below sea level, ocean water may rush in and ﬁll it. The same geological forces that create
these depressions often form a series of natural channels that drain fresh water from nearby
rivers and streams into these newly formed basins. The mixture of seawater and fresh water
creates a tectonic estuary. Estuaries formed in this manner are typically very deep and
surrounded by mountainous areas. San Francisco Bay, on the West Coast of the United States, is
an excellent example of a tectonic estuary. Fjords are typically long, narrow valleys with steep
sides that are created by advancing glaciers. The glaciers leave deep channels carved into the
earth with a shallow barrier, or narrow sill, near the ocean. When the glaciers retreat, seawater
ﬂoods the deeply incised valleys, creating estuaries. Fjords tend to have a moderately high input
of freshwater. In comparison, very little seawater ﬂows into the fjord because of the sill. In
addition, the sill prevents the more dense, deep salt waters in the fjord from mixing with the rest
of the sea.
Rias or Drowned River Valleys: A ria is a coastal inlet formed by the partial submergence of a
river valley. It is a drowned river valley that remains open to the sea. Typically, rias have a
treelike outline although they can be straight and without any big branches. This pattern is
inherited from the drainage pattern of the ﬂooded river valley. The drowning of river valleys
along a stretch of coast and formation of rias results in an extremely irregular and very indented
coastline. The formation of this drowned river valley is either caused by rising sea levels
(eustatic), or the ground sinking (isostatic). This results in a very large estuary that is almost
disproportionately large when compared to the river that it is at the head of. There are often
islands in these rias, usually being the tops of partially submerged hills.
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Glacier Bay in Alaska and the Georgia Basin region of Puget Sound in Washington State are good
examples of fjords. Fjords are also found throughout Canada, Chile, New Zealand, Greenland,
Norway, Siberia, and Scotland.
The transition from continental to oceanic areas is marked by radical geological changes. This
transitory region is the continental margin, and consists of the continental shelf, the continental
slope and continental rise. An active continental margin is found on the leading edge of a
continent where it runs against an oceanic plate, forcing it to subduct. Active margins are
commonly the sites of tectonic activity – earthquakes, volcanoes, mountain building, and the
formation of new igneous rock. Margins along active continental margins are mountainous with
narrow shelves, steep slopes and rugged topography. Because of the mountainous terrain, most
of the rivers are fairly short, and the continental shelf is narrow to non-existent, dropping off
steeply into the depths of the subduction trench. Active margins may be associated with oceanic
trenches. Found mostly on the western coasts of the Americas. Passive continental margins are
found along most coastlines of the world. Because there is no collision or subduction taking
place, tectonic activity is minimal and weathering and erosional processes are active. This leads
to the development of low-relief terrain extending in both directions from the beach, long river
systems, and the accumulation of thick piles of sedimentary debris on the relatively wide
continental shelves. Passive margins have wide shelves with gentle slopes. There are no trenches
along passive margins, South America provides an example. Usually found on coasts along the
Atlantic Ocean. Usually thicker than active margins.
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v. Tectonic plate movement in oceans is caused by the process of seaﬂoor spreading, where mantle erupts from a
mountain on the seaﬂoor, called a mid-ocean ridge. This new mantle then starts to cool and ﬁrm up. The
impressionable new mantle sinks from the higher elevation of the mid ocean ridge to either side of the mid-ocean
ridge, and pushes the older crust away from the ridge to make room for itself. This phenomenon is known as
ridge-pull, and the pushing of the older crust away from the mid-ocean ridge causes slight movement in the
tectonic plates of the ocean basin, since mid-ocean ridges form at a break in between 2 oceanic plates, where the
crust is much thinner and newer than the crust farther away from the ridge. The movement of plates caused by this
ridge-pull causes a chain reaction, eventually reaching the boundary of an oceanic and continental plate. The
oceanic plate runs into the continental plate, moving it just a little. The oceanic plate has a much higher density
than that of the continental plate, and, because of the liquid-like qualities of the asthenosphere, the oceanic plate
sinks under the continental plate to form a subduction zone. Andrija Mohorovičić was the ﬁrst to discover a change
in seismic wave speed between the crust and mantle. Ophiolites are pieces of oceanic plate that have been thrusted
onto the edge of continental plates, as a result of subduction. When a continental plate begins to break up in three
ways, one of the arms usually fails and becomes a graben covered in sediment. This failed arm in a triple junction is
known as an Aulacogen. There is also another mechanism in which oceanic plates move, known as slab pull. Since
the cold, dense weight of the oceanic plates must be supported by barely viscous mantle, sometimes the weight of
the plate is too much. Sometimes, the surface tension of the Asthenosphere splits, and the oceanic plate may be
pulled down into the mantle, following paths of convection currents. This pulling motion of the plates apart from
each other helps form a mid ocean ridge. The mid-ocean ridge is the longest mountain range in the world. ALFRED
WEGNER PROPOSED PLATE TECTONIC THEORY IN “The origin of the continents and oceans”
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Juan de Fuca plate was a remnant of a prehistoric plate known as the Farallon plate.
CONTINENTAL LITHOSPHERE AT ITS OLDEST IS 4.2 BILLION YEARS,
Oceanic plate: Oceanic crust is the uppermost layer of the oceanic portion of a tectonic plate. It
is composed of the upper oceanic crust, with pillow lavas and a dike complex, and the lower
oceanic crust, composed of troctolite, gabbro and ultramaﬁc cumulates. Layer 1 is on an average
0.4 km thick. It consists of unconsolidated or semi consolidated sediments, usually thin or even
not present near the mid-ocean ridges but thickens farther away from the ridge.[10] Near the
continental margins sediment is terrigenous, meaning derived from the land, unlike deep sea
sediments which are made of tiny shells of marine organisms, usually calcareous and siliceous,
or it can be made of volcanic ash and terrigenous sediments transported by turbidity currents.
Layer 2 could be divided into two parts: layer 2A – 0.5 km thick uppermost volcanic layer of
glassy to ﬁnely crystalline basalt usually in the form of pillow basalt, and layer 2B – 1.5 km thick
layer composed of diabase dikes.
Layer 3 is formed by slow cooling of magma beneath the surface and consists of coarse grained
gabbros and cumulate ultramaﬁc rocks. It constitutes over two-thirds of oceanic crust volume
with almost 5 km thickness.
TOTAL AVERAGE THICKNESS IS 5-10 KM FOR OCEANIC CRUST
The oldest large-scale oceanic crust is in the west Paciﬁc and north-west Atlantic — both are
about up to 180-200 million years old. However, parts of the eastern Mediterranean Sea are
remnants of the much older Tethys ocean, at about 270 and up to 340 million years old.
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vi. The distributions of dissolved elements in the ocean are generally controlled by the interplay of three processes.
The uptake and release of dissolved elements on sinking particles (primarily sinking plankton) transports chemicals
vertically within the ocean. The major ﬂow of ocean currents, called the conveyor, transports ocean waters
horizontally from the major sources of deep water in the Atlantic Ocean to the deep waters of the Paciﬁc Ocean. As
a result of this general circulation pattern, deep waters in the Atlantic are much younger (relative to the time since
they left the surface) than deep waters in the Indian or Paciﬁc Oceans. Finally, the distributions of some elements
may reﬂect external sources that act as a source of elements to the ocean or a sink that removes elements.
Elemental distributions fall into ﬁve major categories. These are:
Conservative elements: These elements have nearly the same concentration vertically and horizontally in the
ocean. The only process that create detectable changes in their concentrations are the addition or removal of
water by precipitation or evaporation. Elements attain a conservative distribution when their residence time (the
length of time it takes various input processes to add an amount of an element to the ocean that is equal to the
amount of the element in the ocean) is much longer than the mixing time of the ocean (~1000 yrs). Conservative
elements typically have residence times greater than several hundred thousand years. Sources or sinks of these
elements are so small, relative to the amount in the ocean, that they do not produce appreciable impacts on the
concentration. As an example, look at the distribution of sodium.
Nutrient-like elements:
These elements are depleted at the ocean surface due to uptake from the water by
plankton and incorporation into the biomass of the plankton. This process is dominated by plants, which are
restricted to the sunlit zone of the ocean where there is enough light for photosynthesis (the euphotic zone). The
euphotic zone may range from a few meters deep in particle rich coastal waters to 150 m in the clearest ocean
waters. Much of the biomass produced by these plants sinks from the euphotic zone when they are eaten and
excreted by zooplankton or if the plant population exhausts the chemical nutrients in the water. These particles are
then eaten by bacteria and animals in the deep-sea and the chemicals are released back into the deep ocean waters
(remineralized) below the euphotic zone. Remineralization enriches the deep waters with elements that are cycled
by this process. The concentrations of nutrient-like elements will be much greater in deep waters of the Indian and
Paciﬁc Oceans because the conveyor circulation creates a greater age, which allows more chemical to be
regenerated.
The residence times of nutrient-like elements typically range from 1000 years (1 ocean mixing cycle) to several
hundred thousand years. They have shorter residence times than conservative elements because some of the
biogenic particles, with their elemental loads, inevitably reach the sediments and are removed from the ocean. As
an example, see the distribution of phosphorous, an essential nutrient required by all living organisms.
Nearly all of the phosphorous that reaches the surface ocean is removed by plants each year and phosphorous
concentrations are almost zero. On the other hand, a small amount of strontium is used in the surface waters by
Acantharia, a rare class of plankton that makes shells of SrSO4 (celestite). Concentrations of Sr are only slightly
depleted near the sea surface. These slightly depleted elements are sometimes called bio-intermediate, while the
depleted elements may be called bio-limiting (because their near zero concentrations can limit growth of some
plankton).
Concentration of nutrients. They increase in the intermediate levels of ocean due to phytoplankton, decomposition,
etc. but as it goes deeper it rapidly approaches 0. 3 FORMULAS FOR THE ACIDIFICATION OF SEAWATER:
CO2+H2O <=> H2CO3 (carbonic acid), H2CO3 <=> H+ + HCO3, HCO3 <=>H+ + CO3 OXYGEN IN OCEANS. MORE
OXYGEN IS IN THE HIGHER LATITUDES DUE TO NO PYCNOCLINE AND THE FACT THAT COLDER WATER HOLDS
OXYGEN BETTER. OXYGEN LEVELS DECREASE WHEN THEY GET TO THE MID LEVELS, SINCE IT IS USED BY
PHYTOPLANKTON A TON. AFTER THIS LEVEL IT INCREASES AS IT GETS DEEPER.
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Lower oxygen at the west sides of continents due to lower circulation and more living things.
Scavenged elements: These elements are rapidly sorbed onto sinking particles and removed to the sediments. The
concentrations of scavenged elements generally decrease with time, therefore, this means that concentrations are
lower in the mid-depths of the oceans than at the surface. The Indo-Paciﬁc deep waters are older and more time
has passed for sorption of chemicals onto sinking particles. Concentrations are, therefore, lower in the deep
waters of the Indian and Paciﬁc Oceans than in the deep Atlantic. The residence time of scavenged elements is
short, typically less than 1000 years. External processes will markedly change the concentration of these elements
because inputs or outputs are large relative to rates of mixing. As an example, see the distribution of aluminum.
The major input of aluminum is dust settling on the ocean surface and there is much more dust, and Al, in the
Atlantic which receives large inputs from arid lands in northwest Africa (the Sahara and the Sahel). Concentrations
of Al may also increase near the ocean bottom due to release from sediments. Radioactive elements: Seawater has
many natural radioactive elements within it. These range from 14C (half-life = 5700 years), which is produced by
cosmic rays colliding with nitrogen in the atmosphere, to the uranium series isotopes, which are decay products of
uranium that was present when the Earth formed about 4.5 billion years ago. The radioactive elements, particularly
the Actinides, have complicated distributions in the ocean due to production from decay of their parent isotopes
and scavenging removal by particles. Some are conservative, such as uranium, which forms a very stable complex
with carbonate ion that has low chemical reactivity.
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vii.
DARWIN’S THEORY:
Coral reefs begin to form when free-swimming coral larvae attach to submerged rocks or other hard surfaces along
the edges of islands or continents. As the corals grow and expand, reefs take on one of three major characteristic
structures —fringing, barrier or atoll. They usually form at hotspot or plate boundaries.
Fringing reefs, which are the most common, project seaward directly from the shore, forming borders along the
shoreline and surrounding islands.
Barrier reefs also border shorelines, but at a greater distance. They are separated from their adjacent land mass by a
lagoon of open, often deep water. A lagoon is deﬁned as a stretch of salt water separated from the rest by a stretch
of coral/sand.
Atolls are ring-shaped coral reefs, islands, or series of islets. They surround bodies of water called lagoons.
Sometimes, atolls and lagoons protect a central island. Channels between islets connect a lagoon to the open ocean
or sea. Atolls also develop with underwater volcanoes.
MAIN FACTOR DRIVING CORAL REEF STAGES WAS ISLAND SUBSIDENCE FOR DARWIN’S THEORY.
THE AMOUNT OF ALGAL MASS IN CORAL REEFS ARE 3 TIMES AS MUCH AS THE AMOUNT OF CORAL.
A fringing reef can form around a volcanic island that starts to sink while the coral continues to grow upwards,
breaking the surface of the water. As the volcanic island sinks, a lagoon forms, creating back reef and a barrier reef.
As the years go by, the continuously upward growing coral starts to die, forming a hard, sandy, rubble-ﬁlled surface
of the dead coral skeletons, along with a mix of sand. Eventually, this ring of sandy, rock-ﬁlled, dead coral,
surrounding a lagoon, can support life, and begins to grow plants, marking the reef’s change into an atoll. When
there are gaps in the coral rim of the atoll, ocean water can ﬂow in and out of the lagoon, which can allow for new
reefs to form inside of the lagoon, called patch reefs.
Reef ﬂat: Flat, sunny, variable area of reef near the shoreline. The coral here must adapt to support live with the sun
burning down, ﬂuxuation in tide height, and changes in salinity.
Reef crest: The highest part of the reef. This part gets the most sunlight, and the most powerful waves. The coral
here must be strong and sturdy to support itself and the organisms that rely on it.
Reef front: The deepest part of the reef, with coral that survives from 5-20 meters down. Usually home to ﬂat, wide
headed coral to maximize sunlight intake.
Back reef: Coral that is restricted/cornered by a lagoon.
The lowest that coral can actively survive in is a depth of 45 meters. This is called the limiting depth. In addition
to being some of the most beautiful and biologically diverse habitats in the ocean, barrier reefs and atolls also are
some of the oldest. With growth rates of 0.3 to 2 centimeters per year for massive corals, and up to 10 centimeters
per year for branching corals, it can take up to 10,000 years for a coral reef to form from a group of larvae.
Depending on their size, barrier reefs and atolls can take from 100,000 to 30,000,000 years to fully form. Corals in
lower pH waters build thinner skeletons that are more susceptible to damage from pounding waves or attacks by
eroding organisms. This occurs because Coral skeletons are made of aragonite, a form of calcium carbonate. Corals
grow their skeletons upward by stacking bundles of aragonite crystals, one on top of the other. At the same time,
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they thicken those bundles with additional crystals, which strengthens the skeletons and helps them withstand
breakage caused by currents, waves, storms, and boring and biting by worms, molluscs, and parrotﬁsh.Ocean
acidiﬁcation is caused by rising levels of carbon dioxide in the atmosphere, mostly from burning fossil fuels. The
carbon dioxide (CO2) is absorbed by seawater, setting in motion chemical reactions that produce bicarbonate
(HCO3–) and carbonate (CO32-) ions. Coral polyps—the tiny living soft-bodied coral animals—bring in seawater
containing HCO3–, CO32- and calcium (Ca2+) ions into a “calcifying space” between its cells and the surface of the
existing skeleton. They pump hydrogen ions (H+) out of this space to produce more carbonate ions (CO32-) ions,
making it easier to make calcium carbonate (CaCO3) for their skeletons. But when the oceans absorb excess CO2, as
is happening now, there are more HCO3– ions but fewer CO32- ions in seawater, making it harder for corals to
accrete skeletons
TYPES OF CORAL:
HARD CORAL
Hard corals are made of a rigid calcium carbonate (limestone) and appear very much like rocks. Each polyp secretes
a hard exoskeleton made up of calcium carbonate and a chalky internal skeleton that stays in place even after they
die. As each generation of polyps dies and their exoskeleton remains, the coral grows a bit larger and because each
polyp is so small, hard corals grow at a very very slow rate. Hard corals are scientiﬁcally known as “scleractinians”.
Staghorn coral (Acropora cervicornis): Staghorn coral is a branching coral with cylindrical branches ranging from a
few centimeters to over 6.5 feet (2 m) in length.This coral exhibits the fastest growth of all known western Atlantic
corals, with branches increasing in length by 4-8 inches (10-20 cm) per year and is one of the three most important
Caribbean corals in terms of its contribution to reef growth and ﬁsh habitat.
Pillar corals (Dendrogyra cylindricus): This type of coral grows up from the sea ﬂoor, but without any secondary
branching. They can grow to be up to 2.5 m (8 ft) tall. They can grow on both ﬂat and sloping sea ﬂoors at a depth of
between 1 and 20 m (65 ft). They are one of the few types of hard coral whose polyps can commonly be seen feeding
during the day.
Table Coral (Acropora):Table Coral is the same branching type of coral as Staghorn coral, however it grow as ﬂat
plates. The shape of table coral is ideal to expose as much of their surface as possible to sunlight. The usual color of
table coral is a dull brown or green, but it is brightened up by the numerous reef ﬁsh that shelter under and around
its plates.
Brain coral (family- Faviidae): Named because of this corals spheroid shape and grooved surface which resembles
an animal brain. The life span of the largest brain corals is 900 years. Colonies can grow as large as 6 or more feet
(1.8 m) high.
Great star coral (Montastraea cavernosa): This type of coral is a colonial stony coral found in the Caribbean seas. It
forms into massive boulders and sometimes develops into plates. It’s Polyps are the size of a person’s thumb and can
be seen fully extend at night.
Elkhorn coral (Acropora palmata): This coral is considered to be one of the most important reef-building corals in
the Caribbean. This species of coral is structurally complex with many large branches. The coral structure closely
resembles that of elk antlers. A popular choice as a home for lobsters, parrot-ﬁsh, snappers and other reef ﬁsh.
Elkhorn coral colonies are incredibly fast growing with an average growth rate of 5 to 10 centimetres (2.0 to 3.9 in)
per year and can eventually grow up to 3.7 metres (12 ft) in diameter.
Tube Coral (Tubastraea): Tube Coral is a large polyp stony coral, and is found in a variety of colors and forms
depending upon species. The tubastrea faulkneri is known as the Orange Cup or Sun Coral, pictured above.
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Blue coral (Heliopora coerulea): Blue corals is named for their distinctive, permanently blue skeleton, which is
generally hidden by greenish-grey or blue polyps. Blue corals occur in tropical waters, on intertidal reef ﬂats and
upper reef slopes.
viii.
There are waves of all sizes and shapes rolling into the beach at any given time. If they're not stopped by anything,
wayes can travel across entire ocean basins and so the waves at your beach might be from a atom half a world away.
The most familiar ocean waves are caused by the wind. These are wind-driven waves. This sort of motion is set up
anytime two ﬂuids rub together, and remember that the atmosphere is essentially ﬂuid. Waves caused by
underwater disturbances such as earthquakes, landslides, or volcanic eruptions are called tsunamis. These waves
are typically tens to hundreds of kilometers long. The gravitational pull of the sun and moon on the earth causes the
tides which are actually tidal way.. We'll get back to that. So we can talk about waves, it's important that you know
some of their parts. The following list refers to the ﬁgure below:

Crest- the very top of the wave
Trough- the hollow between 2 crests
Wave height- the vertical distances between the crest of the wave and the bottom of the next trough
Wavelength- the horizontal distance between 2 adjacent crests or 2 adjacent troughs
Wave steepness- the ratio of the wave height and wavelength
Amplitude- the maximum vertical displacement of the sea surface from the still water level
Period- the time it takes for one complete wavelength to pass a stationary point
Wave speed-the velocity with which waves travel, calculated by frequency*wavelength
Wave Frequency- Number of waves passing a ﬁxed point per second. Calculated as 1/wave period.
Deep water waves- waves that are in water that is deeper than half of their wavelength.
Shallow water tidal waves- waves that are in water that is shallower than 1/20 of their wavelength
Wave base- Depth of inﬂuence of a water wave, calculated as about ½ wavelength.
Tidal waves- Tidal waves are forced shallow-water waves because tidal forces exerted on the ocean by the moon
and sun constantly interfere with the free propagation of the shallow water wave.
Surf- Foamy, bubbly, edge of a wave formed by a wave breaking.
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Wave refraction is the bending of waves, and primarily leads to the straightening of the shoreline. It also causes
waves to change speed and direction as depth changes.
Capillary waves are the smallest wind-generated waves
Breakers- form when wave height exceeds 1/7 of the wavelength
The restoring force of waves is gravity, which causes the waves to keep coming.
Seiche-a temporary disturbance or oscillation in the water level of a lake or partially enclosed body of water,
especially one caused by changes in atmospheric pressure. Conﬁned in a relatively small basin that sloshes with a
speciﬁc resonant frequency.
One waves motion is completely independent of any other wave motion. One set of sound waves doesn't garble the
other. Likewise you can me two objects at the same time. What does happen, though is that waves can either add up
or cancel each other out or they pass through one another. This property is called constructive interference . If a
crest from one wave happens to line up with the trough of another, they cancel each other out. This is called
destructive interference. If two waves line up crest to crest or trough to trough, they add up. This is called
constra.ve interference. This is why waves at the beach are all different sires. There are I. of different wave groups
coming in, and they're interfering with each other in different ways.
The biggest waves in our oceans are the tides. These are caused by the gravitational forces between the earth and
the sun and the moon. The moon has the biggest inﬂuence because it is close. essentially pulls up a bulge in the
ocean on the side of the earth closest to it. It actually pulls up the land too, but not much. There is also a bulge on
the side opposite the moon.
Twice daily tides like this are called semidiurnal tides. It is also possible to have only one high and one low tide per
day.
That would be a diurnal tide. Partly this depends on your latitude, but it turns out that some 400 variables go into
predicting the tide at any one place, so it isn't nearly this simple.
The sun tugs on the oceans, but since it's so far away, it has less inﬂuence than the moon. You can see the inﬂuence
when the sun and earth are all lined up. This would be during a full moon and a new mcon. With both the sun and
moon pulling the same direction, we get ex. high high tides and ex. low low tides (a big tidal range).
These happen twice a month are called spring tides.. between these, during the quarter phases of the moon, we get
tides with the lowest ranges. These are called neap tides.

There are three basic types of breaking waves: spilling breakers, plunging breakers, and surging breakers. Spilling
breakers occur as waves travel across a gently sloping bottom (i.e., gently sloping sea ﬂoor near the beach). The
wave breaks long and slow, losing its energy as white water spilling from the crest down the front of the wave.
Plunging breakers occur as waves approach moderate to steep bottoms. The wave becomes steeper than a spilling
breaker and the crest falls as a well-deﬁned curl, falling forward with considerable energy.
The tube that forms as these waves hit the shore at an angle and progress across the shoreline is what surfers love.
Surging breakers occur when long wave period, low amplitude waves approach moderately steep shores. The wave
doesn’t spill or curl; it builds up and then slides rapidly up the beach with less foam or spray than the other two
breakers.
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Signiﬁcant wave height (Hs)- is deﬁned as the average height of the highest one-third waves in a wave spectrum.
Average wave height is calculated by taking signiﬁcant height and multiplying by 0.64. The height of the highest
10% of waves is calculated by 1.27*(Hs). The highest 1% of waves is calculated as 1.67*(Hs). The highest waves
possible are calculated as 2*(Hs).
Higher energy waves usually produce steep, rocky, pushed back beaches, while lower energy waves usually produce
broad, ﬂat, sandy beaches. Energy is directly proportional to the square of the wave height.
Waves passing through an area will not necessarily move sediments suspended in the water forward, but rather
make the sediments travel in an up and down motion, following that of the wave.
THE BAY OF FUNDY HAS THE HIGHEST RANGE OF TIDAL WAVES ON EARTH. WITH A RANGE OF 17 M.
THESE OCCUR BECAUSE THE BAY TAPERS AT THE END, THE PERIOD OF OSCILLATION IN THE BAY IS VERY
CLOSE TO THE TIDAL PERIOD, AND THAT THE BAY CURVES TO THE RIGHT, AS WELL AS BEING IN THE
NORTHERN HEMISPHERE (NEAR NOVA SCOTIA) SO THE CORIOLIS EFFECT AIDS IN THE TIDAL IMMENSE TIDAL
RANGE. STANDING WAVES ARE FOUND IN THE BAY OF FUNDY. THE NARROWING AND SHALLOWING OF THE
BAY AS IT PROCEEDS INLAND AIDS IN THE AMPLIFICATION AND INCREASE IN AMPLITUDE OF TIDAL RANGE. 160
MILLION METRIC TONS ARE MOVED BY THE TIDES.
THE GULF OF MEXICO HAS THE HIGHEST TIDAL RANGE IN THE WESTERN HEMISPHERE OUTSIDE OF THE BAY
OF FUNDY.
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Fetch, area of ocean or lake surface over which the wind blows in an essentially constant direction, thus generating
waves. The term also is used as a synonym for fetch length, which is the horizontal distance over which
wave-generating winds blow. In an enclosed body of water, fetch is also deﬁned as the distance between the points
of minimum and maximum water-surface elevation. This line generally coincides with the longest axis in the general
wind direction. Fetch is an important factor in the development of wind waves, which increase in height with
increasing fetch up to a maximum of 1,600 km (1,000 miles). Wave heights do not increase with increasing fetch
beyond this distance.
A swell, in the context of an ocean, sea or lake, is a series of mechanical waves that propagate along the interface
between water and air and thus are often referred to as surface gravity waves. These series of surface gravity waves
are not wind waves, which are generated by the immediate local wind, but instead are generated by distant weather
systems, where the wind blows for a duration of time over a fetch of water. More generally, a swell consists of
wind-generated waves that are not—or are hardly—affected by the local wind at that time. Swell wavelength also
varies from event to event. Occasionally, swells which are longer than 700 m occur as a result of the most severe
storms. Swells have a narrower range of frequencies and directions than locally generated wind waves, because
swell waves have dispersed from their generation area, have dissipated and therefore lost an amount of
randomness, taking on a more deﬁned shape and direction.
Swell direction is the direction from which the swell is coming. It is measured in degrees (as on a compass), and
often referred to in general directions, such as a NNW or SW swell.
A tsunami is a series of great sea waves caused by an underwater earthquake, landslide, or volcanic eruption. More
rarely, a tsunami can be generated by a giant meteor impact with the ocean. A tsunami is not a single wave but a
series of waves, also known as a wave train. The ﬁrst wave in a tsunami is not necessarily the most destructive.
Tsunamis are not tidal waves. Tsunami waves can be very long (as much as 60 miles, or 100 kilometers) and be as far
as one hour apart. They are able to cross entire oceans without great loss of energy. The Indian Ocean tsunami
traveled as much as 3,000 miles (nearly 5,000 kilometers) to Africa, arriving with sufﬁcient force to kill people and
destroy property. Where the ocean is deep, tsunamis can travel unnoticed on the surface at speeds up to 500 miles
an hour (800 kilometers an hour), crossing an ocean in a day or less. Scientists are able to calculate arrival times of
tsunamis in different parts of the world based on their knowledge of water depths, distances, and when the event
that generated them occurred.
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Tsunamis may be as short as 1 foot.The powerful shock wave of energy travels rapidly through the ocean as fast as
a commercial jet. Once a tsunami reaches shallow water near the coast, it is slowed down. Witnesses have reported
that an approaching tsunami is sometimes preceded by a noticeable fall or rise in the water level. Megathrust
tsunamis occur when a plate subducts under the other, pushing the accretionary wedge of the plate boundary
upwards. This causes a displacement of water that generates a relatively massive tsunami wave.
The Tsunami Warning System (TWS) in the Paciﬁc, composed of 26 member countries, monitors seismological and
tidal stations throughout the Paciﬁc region. The system evaluates potentially tsunami-causing earthquakes and
issues tsunami warnings. An international warning system for tsunamis in the Indian Ocean was launched in June
2006. Tsunamis caused by earthquakes are called Seismic sea waves.
THE SPEED OF ANY WAVE (LIKE TSUNAMIS) CAN BE CALCULATE BY THE SQRT OF [GRAVITY (9.81 m/sec^2) *
DEPTH OF THE WAVE].
1 m/sec = 3.6 km/hr = 2.23694 mi/hr. HYDROSTATIC PRESSURE IS CALCULATED AS
P=hdg, where h is the depth of water, d is the density of water, and g is the speed of gravity (9.81 m/sec^2).
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ix. Ocean currents are divided on the basis of temperature into warm currents and cold currents. Those currents
that ﬂow from the Equator towards the poles are warmer than the surrounding water and so they are called warm
currents.
The ocean currents that ﬂow from the polar areas towards the Equator are cooler compared to the surrounding
water, so they are called cold currents. The actual difference in temperature of warm and cold currents is only a few
degrees. The cold currents are usually found on the west coast of the continents in the low and middle latitudes in
both hemispheres and on the east coast. The warm currents are usually observed on the east coast of the
continents in the low and middle latitudes in both hemispheres. In the Northern Hemisphere they are found on the
west coasts of the high latitudes.
GENERALLY THE FASTEST AND DEEPEST OCEAN CURRENTS ARE THE WESTERN BOUNDARIES. This is due to
westward intensiﬁcation which occurs because the trade winds blow westward in the tropics, and the westerlies
blow eastward at mid-latitudes. This wind pattern applies a stress to the ocean surface with negative curl in the
northern hemisphere and a positive curl in the southern hemisphere. This results in a Sverdrup transport that is in
the direction of the equator. To combat against the transport, it is balanced by a narrow, intense poleward current,
which ﬂows along the western boundary of the ocean basin.

The North Atlantic Gyre seen above is home to the Sargasso Sea, a relatively calm area of ocean water with no
deﬁned currents in the North Atlantic.
Antarctic Circumpolar Current is the only current not affected by coriolis effect. Flows west to east. West Wind
Drift carries the most water, and is the only current that spans the whole globe
The coriolis effect refers to the rotation of the Earth affecting much of the rotational and stagnant relationships and
movements of the Earth’s processes, including global wind patterns (shown below) which affect the movement of
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Earth’s ocean currents. The Coriolis effect is strongest at the poles, weakest at the equator. The coriolis effect goes
45 degrees to the right in the northern hemisphere and 45 to the left in the southern hemisphere
WESTERN CURRENTS ARE USUALLY WARMER BECAUSE THEY MOVE BODIES OF WATER DIRECTLY TO AND
FROM THE EQUATOR, WARMING THE CURRENTS.

A gyre is any large system of circulating ocean currents, particularly those involved with large wind movements. Gyres are
caused by the Coriolis effect; planetary vorticity along with horizontal and vertical friction, determine the circulation patterns
from the wind stress curl. There are ﬁve major gyres: the North (Turtle) and South (Heyerdahl) Paciﬁc Subtropical Gyres, the
North (Columbus) and South (Navigator) Atlantic Subtropical Gyres, and the Indian Ocean (Majid) Subtropical Gyre. In some
instances, the term “gyre” is used to refer to the collection of plastic waste and other debris found in higher concentrations in
certain parts of the ocean. While this use of "gyre" is increasingly common, the term traditionally refers simply to large, rotating
ocean currents. Gyres frequently collect garbage. They turn counterclockwise in the southern hemisphere and clockwise in the
northern hemisphere.Cold Core current: Cold-core rings are the product of warm water currents wrapping around a colder
water mass as it breaks away from its respective current. The direction an eddy swirls can be categorized as either cyclonic or
anticyclonic depending on the hemisphere. A counterclockwise movement of water in the Northern hemispheres is cyclonic, but
the same counterclockwise movement is anticyclonic in the Southern hemisphere.They typically last for a few weeks to a year.
They are a type of oceanic eddy, which are characterized as unstable, time-dependent swirling 'cells' that separate from their
respective ocean current and move into water bodies with different physical, chemical, and biological characteristics.

An ocean current ﬂows for great distances and together they create the global conveyor belt, which plays a dominant role in
determining the climate of many of Earth’s regions. More speciﬁcally, ocean currents inﬂuence the temperature of the regions
through which they travel. For example, warm currents traveling along more temperate coasts increase the temperature of the
area by warming the sea breezes that blow over them. Perhaps the most striking example is the Gulf Stream, which makes
northwest Europe much more temperate than any other region at the same latitude. Anther example is Lima, Peru, where the
climate is cooler, being sub-tropical, than the tropical latitudes in which the area is located, due to the effect of the Humboldt
Current. In these wind-driven currents, the Ekman spiral effect results in the currents ﬂowing at an angle to the driving winds.
In addition, the areas of surface ocean currents move somewhat with the seasons; this is most notable in equatorial currents.
Deep ocean basins generally have a non-symmetric surface current, in that the eastern equatorward-ﬂowing branch is broad
and diffuse whereas the western poleward ﬂowing branch is very narrow. These western boundary currents (of which the Gulf
Stream is an example) are a consequence of the rotation of the Earth. Ocean currents are measured in sverdrup (sv), where 1 sv
is equivalent to a volume ﬂow rate of 1,000,000 m3 (35,000,000 cu ft) per second. Ocean currents are important in the study of
marine debris, and vice versa. These currents also affect temperatures throughout the world. For example, the ocean current
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that brings warm water up the north Atlantic to northwest Europe also cumulatively and slowly blocks ice from forming along
the seashores, which would also block ships from entering and exiting inland waterways and seaports, hence ocean currents play
a decisive role in inﬂuencing the climates of regions through which they ﬂow. Cold ocean water currents ﬂowing from polar and
sub-polar regions bring in a lot of plankton that are crucial to the continued survival of several key sea creature species in
marine ecosystems. Since plankton are the food of ﬁsh, abundant ﬁsh populations often live where these currents prevail. Ocean
currents can also be used for marine power generation, with areas off of Japan, Florida and Hawaii being considered for test
projects.

xi. Longshore currents are common at any beach that is exposed to breaking surf. A longshore current is an ocean
current that moves parallel to shore. It is caused by large swells sweeping into the shoreline at an angle and pushing
water down the length of the beach in one direction. Longshore currents usually extend from the shallow waters
inside the breaking waves to breaking waves on the outside. They vary depending on the size, strength, and
direction of the approaching swell, and the length of the beach. The more prominent the swell size and direction,
and the longer and straighter the beach is, the more powerful and swift the long-shore current will be. They are
responsible for many rescues along the coast by sweeping swimmers and surfers down the beach into a variety of
hazards. They also have a large impact on the shoreline. Long-shore currents can sweep swimmers and surfers into
rip currents, piers, jetties, and other hazardous areas. In many cases, the long-shore current is strong enough to
prevent swimmers from being able to keep their feet on the bottom, making it difﬁcult to return to shore.
Longshore currents along the paciﬁc coast transport sediment from North to South along beach coasts.
Rip currents are powerful, narrow channels of fast-moving water that are prevalent along the East, Gulf, and West
coasts of the U.S., as well as along the shores of the Great Lakes. They are the channels with which the water that
came in swells/waves move back out to sea. Rip currents will usually have fewer breaking waves, a rippling surface,
and carry foamy, sandy, particles out to sea. Moving at speeds of up to eight feet per second, rip currents can move
faster than an Olympic swimmer. While the terms are often confused, rip currents are different than rip tides. A rip
tide is a speciﬁc type of current associated with the swift movement of tidal water through inlets and the mouths of
estuaries, embayments, and harbors. Rip currents usually form when there is too much water near the shore, and
form as a way to get that water back into currents by taking water back out to sea. They decrease the ﬂow of
longshore currents by taking water from it and taking it out of the surf zone, which helps stop longshore currents
from eroding too much of the shore.
Turbidity is a type of current that is underwater ﬂowing swiftly downslope owing to the weight of sediment it
creates. Also, turbidity is a measure of the level of particles such as sediment, plankton, or organic by-products, in a
body of water. As the turbidity of water increases, it becomes denser and less clear due to a higher concentration of
these light-blocking particles. These currents also deposit huge amounts of sediment wherever they ﬂow, usually in
a gradient or fan pattern, with the largest particles at the bottom and the smallest ones on top. The turbid water
then rushes downward like an avalanche, picking up sediment and increasing in speed as it ﬂows. These currents
also deposit huge amounts of sediment wherever they ﬂow, usually in a gradient or fan pattern, with the largest
particles at the bottom and the smallest ones on top.
Upwelling is an oceanographic phenomenon that involves wind-driven motion of dense, cooler, and usually
nutrient-rich water towards the ocean surface, replacing the warmer, usually nutrient-depleted surface water. The
nutrient-rich upwelled water stimulates the growth and reproduction of primary producers such as phytoplankton.
Due to the biomass of phytoplankton and presence of cool water in these regions, upwelling zones can be identiﬁed
by cool sea surface temperatures (SST) and high concentrations of chlorophyll-a. The increased availability of
nutrients in upwelling regions results in high levels of primary production and thus ﬁshery production.
Approximately 25% of the total global marine ﬁsh catches come from ﬁve upwellings that occupy only 5% of the
total ocean area. Upwellings that are driven by coastal currents or diverging open ocean have the greatest impact
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on nutrient-enriched waters and global ﬁshery yields. Coastal upwelling is the best known type of upwelling, and
the most closely related to human activities as it supports some of the most productive ﬁsheries in the world.
Wind-driven currents are diverted to the right of the winds in the Northern Hemisphere and to the left in the
Southern Hemisphere due to the Coriolis effect.
The result is a net movement of surface water at right angles to the direction of the wind, known as the Ekman
transport. As a result of Ekman Transport, upwelling occurs when the wind blows from north along the west coast
of a continent in the Northern Hemisphere. Deep waters are rich in nutrients, including nitrate, phosphate and
silicic acid, themselves the result of decomposition of sinking organic matter (dead/detrital plankton) from surface
waters. When brought to the surface, these nutrients are utilized by phytoplankton, along with dissolved CO2
(carbon dioxide) and light energy from the sun, to produce organic compounds, through the process of
photosynthesis. Upwelling regions therefore result in very high levels of primary production (the amount of carbon
ﬁxed by phytoplankton) in comparison to other areas of the ocean. They account for about 50% of global marine
productivity. High primary production propagates up the food chain because phytoplankton are at the base of the
oceanic food chain. Large-scale upwelling is also found in the Southern Ocean. Here, strong westerly (eastward)
winds blow around Antarctica, driving a signiﬁcant ﬂow of water northwards. This is actually a type of coastal
upwelling. Since there are no continents in a band of open latitudes between South America and the tip of the
Antarctic Peninsula, some of this water is drawn up from great depths.
Another way that upwelling occurs is near the equator, where the diverging directions of wind and surface currents
between the northern and southern hemisphere give room for new, colder, more nutrient-dense water to rush in.
In many numerical models and observational syntheses, the Southern Ocean upwelling represents the primary
means by which deep dense water is brought to the surface. In some regions of Antarctica, wind-driven upwelling
near the coast pulls relatively warm Circumpolar deep water onto the continental shelf, where it can enhance ice
shelf melt and inﬂuence ice sheet stability. Upwelling is most common along the west coast of continents (eastern
sides of ocean basins). In the Northern Hemisphere, upwelling occurs along west coasts (e.g., coasts of California,
Northwest Africa) when winds blow from the north (causing Ekman transport of surface water away from the
shore). Winds blowing from the south cause upwelling along continents' eastern coasts in the Northern
Hemisphere, although it is not as noticeable because of the western boundary currents.
Upwelling also occurs along the west coasts in the Southern Hemisphere (e.g., coasts of Chile, Peru, and
southwest Africa) when the wind direction is from the south because the net transport of surface water is
westward away from the shoreline. Winds blowing from the north cause upwelling along the continents' eastern
coasts in the Southern Hemisphere. Upwelling is important to ﬁsheries as it replaces older, nutrient depleted
water with newer, fresher, colder, nutrient-rich water that plants and animals thrive on. More nutrients = More ﬁsh
= more money for ﬁsheries.

Downwelling is the process of accumulation and sinking of higher density material beneath lower density material,
such as cold or saline water beneath warmer or fresher water or cold air beneath warm air. It is the sinking limb of a
convection cell. Upwelling is the opposite process and together these two forces are responsible in the oceans for
the thermohaline circulation. The sinking of cold lithosphere at subduction zones is another example of
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downwelling in plate tectonics. Downwelling occurs at anti-cyclonic places within the ocean where warm rings are
spinning clockwise creating surface convergence. When these surface waters converge, they push the surface water
downwards. Another way that downwelling can occur is by the wind driving the sea towards the coastline. Regions
that have downwelling have low productivity because the nutrients in the water column are utilized but are not
continuously resupplied by the cold, nutrient-rich water from below the surface. Downwelling occurs in areas such
as in the subpolar gyre of the North Atlantic where several surface currents meet. We also ﬁnd downwelling along
the outermost boundary of the Southern Ocean where cold Antarctic water sinks below warmer South Paciﬁc and
South Atlantic waters. Where Ekman transport moves surface waters toward the coast, the water piles up and sinks
in the process known as coastal downwelling. Upwelling and downwelling illustrate mass continuity in the ocean;
that is, water is a continuous ﬂuid so that a change in distribution of water in one area is accompanied by a
compensating change in water distribution in another area.
xii. These deep-ocean currents are driven by differences in the water’s density, which is controlled by temperature
(thermo) and salinity (haline). This process is known as thermohaline circulation. In the Earth's polar regions ocean
water gets very cold, forming sea ice. As a consequence the surrounding seawater gets saltier, because when sea ice
forms, the salt is left behind. As the seawater gets saltier, its density increases, and it starts to sink. Surface water is
pulled in to replace the sinking water, which in turn eventually becomes cold and salty enough to sink. This initiates
the deep-ocean currents driving the global conveyor belt.
Cold water is known to sink to the region to the west and east of Iceland (dark blue arrows) and drives the deep
ocean circulation around the world. It is thought that the volume of sea ice exiting the Arctic into the Greenland Sea
inﬂuences the rate of sinking. This sinking and the returning surface waters (shown in red and orange) is referred to
as the North Atlantic Overturning. Shown in the image to the right are "the pathways associated with the
transformation of warm subtropical waters into colder subpolar and polar waters in the northern North Atlantic.
Along the subpolar gyre pathway the red to yellow transition indicates the cooling to Labrador Sea Water, which
ﬂows back to the subtropical gyre in the west as an intermediate depth current (yellow).

Eddies are small, relatively circular, turbulent current that can get separated from Western Boundary currents.
In the Norwegian and Greenland Seas the red to blue/purple transitions indicate the transformation to a variety of
colder waters that spill southwards across the shallow ridge system connecting northern Europe, Iceland,
Greenland, and northern North America. These overﬂows form up into a deep current also ﬂowing back to the
subtropics (purple), but beneath the Labrador Sea Water. The green pathway also indicates cold waters--but so
inﬂuenced by continental runoff as to remain light and near the sea surface on the continental shelf. It is
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characterized by a northward ﬂow of warm, salty water in the upper layers of the Atlantic, and a southward ﬂow of
colder, deep waters that are part of the thermohaline circulation. These "limbs" are linked by regions of overturning
in the Nordic and Labrador Seas and the Southern Ocean. The AMOC is an important component of the Earth's
climate system, and is a result of both atmospheric and thermohaline drivers.
An oceanographic water mass has a distinctive narrow range of temperature and salinity and a particular density
resulting from these two parameters. Water masses are formed as the result of climatic effects in speciﬁc regions.
Antarctic bottom water is an important water mass that forms on the Antarctic continental shelf as a cold, dense
residual brine during the formation of sea ice. Its salinity of 34.62 parts per thousand and temperature of -1.9° C
(28.6° F) result in a high density of 1.02789 grams per cubic centimetre, causing it to sink and ﬂow northward along
the bottom into the southern oceans.The major signiﬁcance of Antarctic bottom water is that it is the coldest
bottom water, giving it a signiﬁcant inﬂuence on the movement of the world's oceans. Antarctic bottom water also
has a high oxygen content relative to the rest of the oceans' deep waters. This is due to the oxidation of
deteriorating organic content in the rest of the deep oceans. Antarctic bottom water has thus been considered the
ventilation of the deep ocean. Antarctic bottom water is formed in the Weddell and Ross Seas, off the Adélie Coast
and by Cape Darnley from surface water cooling in polynyas and below the ice shelf. A unique feature of Antarctic
bottom water is the cold surface wind blowing off the Antarctic continent. The surface wind creates the polynyas
which opens up the water surface to more wind. This Antarctic wind is stronger during the winter months and thus
the Antarctic bottom water formation is more pronounced during the Antarctic winter season. Surface water is
enriched in salt from sea ice formation. Due to its increased density, it ﬂows down the Antarctic continental margin
and continues north along the bottom. It is the densest water in the free ocean, and underlies other bottom and
intermediate waters throughout most of the southern hemisphere. The Weddell Sea Bottom Water is the densest
component of the Antarctic bottom water.
Mediterranean water is another example of a water mass. Excessive evaporation, low rainfall, and high
temperatures continually generate large volumes of warm (11.9° C), salty (36.5 parts per thousand) water. Its density
of 1.02778 causes it to sink to the bottom of the Mediterranean and overﬂow across the submarine sill at the Strait
of Gibraltar, whence it sinks and spreads at a depth of about 1,000 metres (3,300 feet) in the Atlantic. Water
circulation in the Mediterranean can be described from the surface waters entering from the Atlantic through the
Strait of Gibraltar. These cool and relatively low-salinity waters circulate eastwards along the North African coasts.
A part of these surface waters does not pass the Strait of Sicily, but deviates towards Corsica before exiting the
Mediterranean. The surface waters entering the eastern Mediterranean basin circulate along the Libyan and
Israelian coasts. Commonly referred to as an LNLC (Low-Nutrient, Low-Chlorophyll) area. The Mediterranean Sea
ﬁts the deﬁnition of a desert as it has low precipitation and its nutrient contents are low, making it difﬁcult for
plants and animals to develop.
Circumpolar Deep Water (CDW) is a designation given to the water mass in the Paciﬁc and Indian oceans that
essentially characterizes a mixing of other water masses in the region. A distinguishing characteristic is the water is
not formed at the surface, but rather by a blending of other water masses, including the North Atlantic Deep Water
(NADW), the Antarctic Bottom Water (AABW), and the Paciﬁc Intermediate Water masses. From 60-70 degrees
latitude. Circumpolar deep water is between 1–2 °C (34–36 °F) and has a salinity between 34.62 and 34.73 practical
salinity units (PSU).
The Antarctic intermediate water is unique water mass in that it is a sinking water mass with a moderately low
salinity, unlike most sinking water masses which have a relatively high salinity. This salinity minimum, unique to the
AAIW, can be recognized throughout the Southern Ocean at depths ranging from 700 to 1200 meters. The thickness
of the AAIW ranges greatly between where it forms and its most northern extent. The formation of AAIW can be
explained very simply through the Ekman transport process and the divergence and convergence of water masses.
The winds over Antarctica are called the polar easterlies where winds blow from the east to the west. This creates a
counter-clockwise surface current near the coast of Antarctica, called the Antarctic Coastal Current. Ekman
transport causes the water to push towards the left of the surface motion in the Southern Hemisphere. Thus, this
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westward directed coastal current in Antarctica will push the water towards Antarctica. The interesting
characteristic of AAIW is how far it extends northward. The salinity minima associated with the AAIW can be seen
in intermediate waters (~1000m) as far north as 20°N, with trace amounts as far as 60°N. It is by far the largest
spreading intermediate water of all the ocean intermediate water masses. It continues northward until it
encounters other intermediate water masses (e.g.AIW). The movement of the AAIW is predominantly northward due
to the Ekman volume transport mostly directed in that way. When the AAIW is initially formed, the ACC is able to
transport the AAIW into all ocean basins because the ACC ﬂows clockwise around Antarctica with no land based
boundaries.Typical temperature values for the AAIW are 3-7°C, and a salinity of 34.2-34.4 psu upon initial formation.
Due to vertical mixing at intermediate depths in the Southern Ocean, the salinity slowly rises as it moves
northward. Typical density of AAIW water is between 1026.82 kg/m³ and 1027.43 kg/m³, and 50-60 degrees latitude.
The Arctic Intermediate Water (AIW) is a water mass found between the top cold, relatively fresh polar water and
the bottom deep water in the Arctic domain (bounded by the polar and arctic fronts). Two types of AIW are found,
which are lower AIW and upper AIW separately. Lower AIW is the water mass with temperature and salinity
maximum found at 250~400m deep, right above the deep water, with temperature for lower AIW ranges from 0 to 3
°C and salinity greater than 34.9. The upper AIW is usually found at 75~150m, overlain by Arctic Surface Water
(ASW). However, it could be found at the sea surface in winter. Amount of AIW varies with different seasons. For
example, the upper AIW in Iceland sea increased from about 10% of the total volume in fall to over 21% in winter. In
the same time, both ASW and lower AIW show signiﬁcant summer-to-winter decreases, which might contribute to
the new upper AIW. Similar process can also be found in Greenland sea, but with a smaller amount of formed upper
AIW.
North Atlantic Deep Water (NADW) is a deep water mass formed in the North Atlantic Ocean. Thermohaline
circulation (properly described as meridional overturning circulation) of the world's oceans involves the ﬂow of
warm surface waters from the southern hemisphere into the North Atlantic. Water ﬂowing northward becomes
modiﬁed through evaporation and mixing with other water masses, leading to increased salinity. When this water
reaches the North Atlantic it cools and sinks through convection, due to its decreased temperature and increased
salinity resulting in increased density. NADW is the outﬂow of this thick deep layer, which can be detected by its
high salinity, high oxygen content, nutrient minima, high 14C/12C content. Related to the interglacial and glacial
periods, which may have an effect on climate change. NADW has a temperature of 2-4 °C with a salinity of
34.9-35.0 psu found at a depth between 1500 and 4000m. MOST OF THE EARTH’S DEEPEST WATER FORM NEAR
THE ANTARCTIC OCEAN SURFACE.
North Paciﬁc Intermediate Water (NPIW) is cold, moderately low salinity water mass that originates in the mixed
water region (MWR) between the Kuroshio and Oyashio waters just east of Japan. Examination of NPIW at stations
just east of the MWR indicates that the mixed waters in the MWR are the origin of the newest NPIW. The new NPIW
‘‘formed’’ in the MWR is a mixture of relatively fresh, recently ventilated Oyashio water coming from the subpolar
gyre, and more saline, older Kuroshio water. The mixing process results in a salinity minimum and also in
rejuvenation of the NPIW layer in the subtropical gyre due to the Oyashio input. Density is about 26.6-26.9, in which
the low salinity and high oxygen at the density of the NPIW are attained in the subpolar gyre, through vertical
diffusion in the open North Paciﬁc and direct ventilation in the Okhotsk Sea as a result of sea ice formation.
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The density units used are just adding to the 1 g/mL density of normal water, eg. 27.2 density = 1.0272 g/cm^3 or
1027.2 kg/m^3. m^3= 1000 liters MI IS THE MEDITERRANEAN INTERMEDIATE WATER. THE NORTH ATLANTIC
CENTRAL SURFACE WATER IS FROM 35.5-36 salinity and 10-15 celsius. CIRCUMPOLAR DEEP WATER IS 1-2
CELSIUS AND 34.5-34.7 salinity, located in the Southern Ocean, it is a mix of NADW, AABW, and AAIW.
SUBANTARCTIC MODE WATER IS 26-27 density, has low stratiﬁcation, 5.5-8.5 celsius, and a salinity of about 34.5.
NORTH PACIFIC INTERMEDIATE WATER IS 26.5-27 density, low salinity,cold, with Japan. ARCTIC INTERMEDIATE
WATER IS separated to lower and higher. Lower is 250-400 m down, 0-3 celsius, and has a salinity >34.9, right above
the deep water. Higher is <2 celsius, with salinity ranges from 34.7-34.9, found from 75-150 m, under the surface
water, but can be found on the surface during winter. ARCTIC SURFACE WATER is above 150 m, temperature of -1.5
to -1.9 celsius, with salinity from 28-33.5. ARCTIC DEEP WATER is formed when sea ice forms, making the already
cold water have a much higher salinity, and therefore density, causing it to sick below the rest of the water.
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xiii
Tidal Currents: Tidal currents occur in conjunction with the rise and fall of the tide. The vertical motion of the tides
near the shore causes the water to move horizontally, creating currents. When a tidal current moves toward the
land and away from the sea, it “ﬂoods.” When it moves toward the sea away from the land, it “ebbs.” These tidal
currents that ebb and ﬂood in opposite directions are called “rectilinear” or “reversing” currents. Rectilinear tidal
currents, which typically are found in coastal rivers and estuaries, experience a “slack water” period of no velocity
as they move from the ebbing to ﬂooding stage, and vice versa. After a brief slack period, which can range from
seconds to several minutes and generally coincides with high or low tide, the current switches direction and
increases in velocity. Tidal currents are the only type of current affected by the interactions of the Earth, sun, and
moon. The moon’s force is much greater than that of the sun because it is 389 times closer to the Earth than the sun
is. Tidal currents, just like the tides, are affected by the different phases of the moon. When the moon is full or new
phases, tidal current velocities are strong and are called “spring currents.” When the moon is at ﬁrst or third quarter
phases, tidal current velocities are weak and are called “neap currents.” Twice daily tides like this are called
semidiurnal tides. It is also possible to have only one high and one low tide per day. That would be a diurnal tide.
Partly this depends on your latitude, but it turns out that some 400 variables go into predicting the tide at any one
place, so it isn't nearly this simple. Mixed tides are found at shores where both semidiurnal and diurnal tides should
theoretically be. DIFFERENCE BETWEEN TIDE HEIGHTS IN DIURNAL TIDES IS CALLED DIURNAL INEQUALITY.
Meteorological Tides are a change in water level caused by local meteorological conditions, in contrast to an
astronomical tide, caused by the attractions of the sun and moon.
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An
amphidromic point, also called a tidal node, is a geographical location which has zero tidal amplitude for one
harmonic constituent of the tide.The tidal range (the peak-to-peak amplitude, or height difference between high
tide and low tide) for that harmonic constituent increases with distance from this point. For a semi-diurnal tide the
amphidromic point can be thought of roughly like the center of a clock face, with the hour hand pointing in the
direction of the high water cotidal line, which is directly opposite the low water cotidal line. High water rotates
about the amphidromic point once every 12 hours in the direction of rising cotidal lines, and away from ebbing

40
/

cotidal lines. This rotation, caused by the Coriolis effect, is generally clockwise in the southern hemisphere and
counterclockwise in the northern hemisphere.
GENERALLY, MIXED TIDES ARE CAUSED BY 2 AMPHIDROMIC POINTS COMING TOGETHER ON A SHORE, WHILE
SEMIDIURNAL AND DIURNAL ARE CAUSED BY 1 AMPHIDROMIC POINT IN THE OCEAN.
Amphidromic points occur because the Coriolis effect and interference within oceanic basins, seas and bays
creates a wave pattern — called an amphidromic system — which rotates around the amphidromic point. At the
amphidromic points of the dominant tidal constituent, there is almost no vertical movement from tidal action.
There can be tidal currents since the water levels on either side of the amphidromic point are not the same. A
separate amphidromic system is created by each periodic tidal component. In most locations the "principal lunar
semi-diurnal", known as M2, is the largest tidal constituent, with an amplitude of roughly half of the full tidal range.
Having cotidal points means they reach high tide at the same time and low tide at the same time. In the
accompanying ﬁgure, the low tide lags or leads by 1 hr 2 min from its neighboring lines.
Where the lines meet are amphidromes, and the tide rotates around them; for example, along the Chilean coast, and
from southern Mexico to Peru, the tide propagates southward, while from Baja California to Alaska the tide
propagates northward.
Tidal Day = 24h + 50min; additional 50 minutes due to motion of the moon. The moon’s orbit is inclined up to 28.5°
relative to the Earth’s equator and this produces different tidal patterns at different latitudes (varies between 18.5 &
28.5° over 18 years). Theoretically produces diurnal tides at high latitude, semidiurnal tides at low latitude, and mix
tides at mid-latitudes
Tidal force of a celestial body can be calculated as mass/r^3. r being radius of the body.
Tidal range is the distance between the highest high tide crest and the lowest low tide trough.
The tidal wave has wavelength (L) on the order of 1/2 the circumference of the earth or about 20,000 km. A wave
will behave as a shallow water wave when depth < L/20 — in this case, for depth < 1000 km. Since ocean bottom
depths are typically only about 4 km, it is safe to assume that a tide wave is a shallow-water wave everywhere Tidal
waves can be refracted by bathymetry
Tidal waves are forced shallow-water waves because tidal forces exerted on the ocean by the moon and sun
constantly interfere with the free propagation of the shallow water wave.
The wave speed for a shallow water wave in 4km of water is 200m/sec (400 miles/hr). The speed that the earth
rotates under the moon at the equator is 463m/sec (1044 miles/hr).
Tidal Resonance: Tidal resonance occurs when the tide excites one of the resonant modes of the ocean. The effect
is most striking when a continental shelf is about a quarter wavelength wide. Then an incident tidal wave can be
reinforced by reﬂections between the coast and the shelf edge, the result producing a much higher tidal range at
the coast. Famous examples of this effect are found in the Bay of Fundy, where the world's highest tides are
reportedly found, and in the Bristol Channel. The speed of long waves in the ocean is given, to a good
approximation, by sqrt(gh) where g is the acceleration of gravity and h is the depth of the ocean. For a typical
continental shelf with a depth of 100 m, the speed is approximately 30 m/s. So if the tidal period is 12 hours, a
quarter wavelength shelf will have a width of about 300 km. With a narrower shelf, there is still a resonance but it is
mismatched to the frequency of the tides and so has less effect on tidal amplitudes. However the effect is still
enough to partly explain why tides along the coast lying behind a continental shelf are often higher than at offshore
islands in the deep ocean (one of the additional partly explanations being Green's law). Resonances also generate
strong tidal currents and it is the turbulence caused by the currents which is responsible for the large amount of
tidal energy dissipated in such regions.
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Tidal Bore is a high, often breaking wave generated by a tide crest that advances rapidly up an estuary or river, the
rise being caused by the extreme narrowing of the body of water into the river.

xiv.
Protruding bits of land called headlands absorb much wave energy.
Wave-cut cliffs and sea caves are other features carved out by wave activity. The sea gradually erodes the inside of
the crack and creates further cracks, eventually forming a small cave. Erosional processes involved include
weathering, freezing and thawing in the winter, build-up of air pressure in the rocks due to the waves, and
biological processes.
Wave-cut platforms are ﬂat areas at the base of a sea cliff.
Sea arches form where sea caves in headlands erode all the way through. At headlands, erosional processes
continue until the sea cave breaks through the other side, creating an arch
Sea stacks- as the arch widens from continued erosion, the pressure of weight from the top of the arch increases.
This pressure causes small cracks to appear, which weakens the top of the arch and widen the cracks further.
Erosion contributes to the weakening of this 'bridge'. Eventually the arch collapses, forming a sea stack. Sea Notches
are notches that are visible in columns of sea stacks.
Sea Stump
As the sea continues to erode the sides of the stack, the stack becomes top heavy and starts to collapse. The top
becomes weathered by rain and wind until the stack eventually becomes a stump.
Wave erosion increases with – More shore exposed to open ocean – Smaller tidal range – Weaker bedrock
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DEPOSITIONAL:
A Baymouth Bar: Is a spit that eventually grew to section off an area of water.
A Tidal Delta: Is an island-looking thing in the middle of the area of water like a bay.
Delta: formed when water from a river slows as it reaches the sea, picking up sediments and sectioning off streams
of water. These streams form distributaries, forming the delta like shaped known today.
Barrier Island: Waves and longshore currents push sediments along the coastline and deposit them atop each other,
usually found with lagoons. Most barrier islands contain coastal dunes, lagoons, crests, tidal marshes, and change
based on tide height.
Sand spit: Longshore currents can push sediments across a curve in the coast, which contains a bay of water. The
longshore currents can continue to push sediments in a direction parallel to the shore, closing off the bay and
forming a lagoon. A Cuspate spit is a spit that is curved, and the ﬂowing water between a spit and the shore is called
a inlet.
Beach: The beach is the region of land in between low tide, and the extent of the common geography of the beach
(eg. sand, rocks, etc.), or to the extent of a distinct change in elevation.
Tombolo: sandbar that connects an island to the mainland.
Submergence or submergent coastline refers to permanent ﬂooding of the coast caused by a rise in global sea
level and/or subsidence of the land.
At many coastal sites, submergence is the most important factor responsible for land loss. How much land will be
lost as a result of sea-level rise depends partly on how fast the water is rising. It has been estimated that each year
global sea level rises about 1.8 mm as a result of a worldwide increase in water volume. However, this value is
substantially less than the total rise in relative sea level recorded at many tide gauges, so scientists have concluded
that the remaining amount of relative sea-level rise is caused by land subsidence. At any coastal site the relative sea
level includes the global sea-level component (eustasy), tectonic uplift or down warping, and at some locations
subsidence that is the result of natural sediment compaction or subsidence induced by the withdrawal of
subsurface ﬂuids such as groundwater, oil, and natural gas. Land loss can also occur in those coastal areas that are
experiencing uplift (relative fall in sea level) such as along the Paciﬁc coast and parts of Alaska (e.g. Juneau). This is
because storm surges and high waves continue to cause land loss. A very good example of an emergent coastline,
because of its proximity to an active plate tectonic margin, is the west coast of North America.
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Likewise, emergent coastlines are coastlines that experienced a drop in sea level, which may expose rock or
entire cliffs or platforms due to the drop in sea level. Emergent coasts are a result of local tectonic uplift of the
land surface or a fall in the elevation of sea level because of a reduction in the water volume of ocean basins.
Quite often, emergent coasts have rocky coastlines with cliffs and nearly ﬂat platforms that extend inland where
older coastal plains have been tectonically raised and are now elevated above the modern land and water
interface. A very good example of an emergent coastline, because of its proximity to an active plate tectonic
margin, is the west coast of North America. Parts of the Scandinavian coastline (Sweden and Norway) are also
emergent where the land surface has been rebounding upward due to the removal of the weight of glacial ice
that formed during the last Ice Age, but has since melted. Several studies have demonstrated how unloading of
thick continental ice sheets causes rebounding near the former glaciers and collapse of the surrounding forebulge
as evacuated crustal material returns to the uplifted regions. These crustal-response models also have been used to
explain the variability among historical sea-level records and current rates of vertical motion derived from those
data. Not only is sea level rising in a relative sense at many coastal sites, statistical analyses of long-term records
show that the present rates of relative sea-level rise are much greater than rates of submergence were for the past
few thousand years. This discrepancy between historical and geological rates of submergence has been interpreted
as evidence that atmospheric warming since the industrial revolution has caused thermal expansion of the oceans
and melting of mountain glaciers and possibly the Antarctic ice sheet.
PRIMARY COASTS ARE FORMED MORE BY TERRESTRIAL ACTIVITY, WHILE SECONDARY COASTS ARE FORMED
MORE BY OCEANIC ACTIVITY. ACTIVE COASTS ARE FOUND AND FORMED NEAR PLATE BOUNDARIES, WHILE
PASSIVE COASTS ARE FOUND FARTHER AWAY FROM PLATE BOUNDARIES. Summer beaches are broad and
covered with sand, while winter beaches are rocky and pebbly, ﬁlled with rocks.
Although longshore drift is the main process of transportation the material moves in four different ways. These are:
Traction - large material is rolled along the sea ﬂoor. Saltation - beach material is bounced along the sea ﬂoor.
Suspension - beach material is suspended and carried by the waves. Solution - material is disolved and carried by
the water.
xv.
SONAR USES ULTRASOUND WAVES!!!!!

Measures

Operates

Notes

Standard Thermometer

Temperature in degrees

At any depth by cable or
line or hand

Mercury
has
been
replaced in many standard
thermometers by less
toxic materials

Bucket Thermometer

Temperature in degrees

At the surface by hand or
line

An easy way to get a quick
surface sea temperature
from a big vessel when
you are unable to reach
the water

Reversing Thermometer
(Nansen bottle)

Temperature in degrees

Only when turned 180
degrees
(the mercury
breaks in the special loop
and will not get back
together until reset thus,
temperature at depth can
be recorded with a 180

Each
thermometer
is
about $400 now however,
instant
read
out
temperature sensors are
most
often used to
determine temperature at
depth
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degree ﬂip (as is done with
the Nansen Bottle) and
there will be no change on
the way up.

Invented
Nansen

by

Fridtjof

Bathythermograph

Temperature

Over any depth with a
cable or line by hand or
with a hydraulic winch

This model records the
information inside and is
retrieved however there
are expendable models
(XBTs) that free fall on a
copper line and transmit
the
temperature
and
depth
information
through the copper wire
before dropping to the
bottom

Chemical Test kit

Oxygen in ppm or ml/L

By chemical titration with
a
water
sample
to
determine the amount of
dissolved oxygen (DO), not
the bubbles

Very accurate

Dissolved oxygen probe

Oxygen in ppm or mL/L

Electronically

Very accurate

Hydrometer

Salinity in
thousand

parts

per

By reading the density
(speciﬁc gravity) of the
water that corresponds to
salinity.
Increasing
dissolved salts increase
the density.

Very easy to use this but it
does not correct for
density changes due to
temperature.

Hydrometer Set

Salinity in
thousand

parts

per

With a water sample by
using a hydrometer to
measure the density of the
water (water with more
salt is more dense and will
ﬂoat
the
hydrometer
higher in the cylinder)
which can then be used
along
with
the
temperature in a standard
TSD graph (temperature,
salinity, density) to ﬁnd
the salinity since these
three variables have a
known relationship

Very hard to do on a
rocking boat but easy on
solid land

Chemical test kit

Salinity in
thousand

parts

per

By a chemical titration
with a water sample to
determine just one of the
salts (chloride ion) and
extrapolate the rest of the
salinity

Not very accurate because
of interaction of other
salts
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Salinometer

Salinity in
thousand

parts

per

By
measuring
the
electrical conductivity and
extrapolating
(saltier water is a better
conductor)

Very accurate

Refractometer

Salinity in
thousand

parts

per

Can use a source of light
to
determine
extent
refraction of water

pH test strips

pH in numbers

By a color comparator

Can be speciﬁc to certain
ranges

Chemical test kit

pH

Color indicator

Sometimes hard to make a
color choice

pH meter

pH

Electronically

Fast and easy

Secchi disk

Visibility (vertical)

By hand on a line to the
depth where it becomes
invisible

May be hard for the
viewer to be exact but a
good approximation

Forel/Ule scale

Color of the water in
roman
numerals
associated with colors
from brown to green to
blue

As a color comparator
with the use of the secchi
disk lowered to one meter
for background so the
color of the bottom won’t
interfere

Can be hard for viewers to
choose the exact color
1-5 FU is used for usually
for low nutrient waters,
and low production of
biomass,
colour
is
dominated by microscopic
s
6-9 FU is used for the
colour water that is
dominated
by
phytoplankton, but also
has dissolved matter and
some sediment, typical for
areas towards the open
sea
10-13 FU is often used for
coastal
waters
with
increased nutrient and
phytoplankton levels, also
contains minerals and
dissolved organic material.
14-17 FU is usually used
with high nutrient and
phytoplankton
concentrations, but also
increased sediment and
dissolved organic material,
typically in near-shore
areas and tidal ﬂats.
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18-22 FU Used for waters
that display high levels of
humic acid, which are
typical for rivers and
estuaries.
Sounder (lead line)

Depth in meters or feet

At any depth on a cable or
line generally held by hand

Until 1993 most of the
ocean
bottom
(hydrographic) maps from
Santa Barbara Harbor
north for many miles were
done with a hand sounder.

Fathometer

Depth in meters or feet

Electronically by sending a
sound from the boat and
receiving the sound waves
that bounce back from the
bottom, the depth is read
from a paper chart moving
through the fathometer
that is calibrated to record
the depth.

A chart strip is used not
only to determine the
depth but also the proﬁle
of the bottom, important
for times when a net is
being dragged on the
bottom to avoid getting it
caught on a big rock or
outcrop.

Surveying equipment

Proﬁle of the beach and
shallow wave wash area

By sighting through the
sighting level to stadia
rods.

This tool is used to survey
mountains as well

Ekman grab

Sediment proﬁles

Is dropped by thread to
clamp/scoop sediments
from the ocean bed

Bottom Corer

Sediment proﬁles

Operates on cable and
pulls out a cylinder shaped
tube of sediment that can
be examined.

Doesn’t disturb layering.

Current meter

Relative speed of water
ﬂow

At any depth by cable or
line

They can be very large and
have directional recorders
as well

Dye

To stain the water so that
its movement can be
traced

By pouring into the water

Nontoxic
biodegradable

Drogues

Currents
distances

By releasing many and
hoping for recapture

Like the note in a bottle,
this can be a form of
pollution and is not often
used anymore. These are
expensive
buoys
and
deployed for this purpose
with the ability to send
signals to satellites which
can be recorded several
times a day.

Drift Bottles

Currents

By releasing a few

May be affected by the

over

long

and
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wind but a quick and easy
way to measure current.
May
be
considered
pollution if not retrieved
Drift Cards

Currents

By releasing

Weighted to stay just
below the surface of the
water. May be considered
pollution if not retrieved.

Orbiting Satellites

Currents

By sending them up into
space to take images

MODERN
WAY
OF
MEASURING
AND
TRACKING CURRENTS

TOPEX-Poseidon satellite

Tides
Other satellites can be
used to ﬁnd algal blooms.
Higher
chlorophyll
concentrations
indicate
more
phytoplankton
growth.

Satellite imagery

Tidal gauges are also used
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BEAUFORT WIND SCALE

Win(Kno
ts)

WMO
Classiﬁcation

On
the
Water

0

Less than 1

Calm

Sea surface smooth and mirror-like

Calm, smoke rises vertically

1

1-3

Light Air

Scaly ripples, no foam crests

Smoke drift indicates wind
direction, still wind vanes

2

4-6

Light
Breeze

Small wavelets, crests glassy, no breaking

Wind felt on face, leaves
rustle, vanes begin to move

3

7-10

Gentle
Breeze

Large wavelets, crests begin to break, scattered
whitecaps

Leaves and small
constantly moving,
ﬂags extended

4

11-16

Moderate
Breeze

Small waves 1-4 ft. becoming longer, numerous
whitecaps

Dust, leaves, and loose
paper lifted, small tree
branches move

5

17-21

Fresh
Breeze

Moderate waves 4-8 ft taking longer form, many
whitecaps, some spray

Small trees in leaf begin to
sway

6

22-27

Strong
Breeze

Larger waves 8-13 ft, whitecaps common, more
spray

Larger
tree
branches
moving, whistling in wires

7

28-33

Near Gale

Sea heaps up, waves 13-19 ft, white foam streaks
off breakers

Whole
trees
resistance
felt
against wind

8

34-40

Gale

Moderately high (18-25 ft) waves of greater
length, edges of crests begin to break into
spindrift, foam blown in streaks

Twigs breaking off trees,
generally impedes progress

9

41-47

Strong
Gale

High waves (23-32 ft), sea begins to roll, dense
streaks of foam, spray may reduce visibility

Slight structural damage
occurs, slate blows off roofs

10

48-55

Storm

Very high waves (29-41 ft) with overhanging
crests, sea white with densely blown foam, heavy
rolling, lowered visibility

Seldom
experienced
on
land,
trees
broken or
uprooted,
"considerable
structural damage"

11

56-63

Violent
Storm

Exceptionally high (37-52 ft) waves, foam patches
cover sea, visibility more reduced

12

64+

Hurricane

Air ﬁlled with foam, waves over 45 ft, sea
completely white with driving spray, visibility
greatly reduced

On Land

twigs
light

moving,
walking
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Nansen bottle

Hydrometer

Forel/Ule Scale

Bathythermograph

Salinometer

Lead line sounder line

DO Probe

Secchi Disk

Fathometer
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Ekman Grab

Current meter

Topex-Poseidon

Drogue

Tidal Gauge

Bottom Corer

ADCP

Otter Trawl

Hygrometer
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Mooring
ADCP: An acoustic Doppler current proﬁler (ADCP) is a hydroacoustic current meter similar to a sonar, used to
measure water current velocities over a depth range using the Doppler effect of sound waves scattered back from
particles within the water column. The term ADCP is a generic term for all acoustic current proﬁlers, although the
abbreviation originates from an instrument series introduced by RD Instruments in the 1980s. The working
frequencies range of ADCPs range from 38 kHz to several Megahertz. The device used in the air for wind speed
proﬁling using sound is known as SODAR and works with the same underlying principles.
LOW EARTH ORBITING SATELLITE ORBIT THE EARTH AND TAKE PICTURES AS IT PASSES THE NEEDED POINT.
GEOSTATIONARY SATELLITES DONT MOVE IN RELATION THE EARTH AND STAY AT THE SAME POINT BY
FOLLOWING THE ORBIT SPEED OF EARTH.
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xvi.
El Nino: El Nino Southern Oscillation is the change of water temperature of the region towards the East of South
America,in the Tropical Paciﬁc. Usually, due to the coriolis effect, trade winds push warm surface waters towards
the East. However, sometimes these trade winds die down or reduce in speed, so the warm surface waters travel
back eastward, reducing upwelling of colder water off the coast of East South America. The climate effects of El
Nino are worldwide. In the United States, the warmer mass of surface water pushes the jet stream upwards, bring
ﬂooding to the southern United States, while bringing drier weather in the Northern U.S. Decrease in Atlantic
Hurricanes. Worldwide, Micronesia is more likely to be affected by tropical cyclones, while China has a decreased
risk of being affected by tropical cyclones. A change in the location of where tropical cyclones form also occurs
within the Southern Paciﬁc Ocean between 135°E and 120°W, with tropical cyclones more likely to occur within the
Southern Paciﬁc basin than the Australian region. As a result of this change tropical cyclones are 50% less likely to
make landfall in Queensland, while the risk of a tropical cyclone is elevated for island nations like Niue, French
Polynesia, Tonga, Tuvalu, and the Cook Islands. Also, a study of climate records has shown that El Niño events in
the equatorial Paciﬁc are generally associated with a warm tropical North Atlantic in the following spring and
summer. Typically, this anomaly happens at irregular intervals of two to seven years, and lasts nine months to two
years. The average interval/period length is ﬁve years. When this warming occurs for seven to nine months, it is
classiﬁed as El Niño "conditions"; when its duration is longer, it is classiﬁed as an El Niño "episode". During the
development of El Niño, rainfall develops between September–November. The ﬁrst signs of El nino were from
13000 years ago in corals. The ﬁrst written records are from Francisco Pizzaro around 1525, where he noted rainfall
in desert regions. The Peruvian government declares that a coastal El Niño is under way if the sea surface
temperatures in the Niño 1 and 2 regions equal or exceed +.4 °C (0.72 °F) for at least three months. In this phase of
the Oscillation, the pool of warm water in the Paciﬁc near South America is often at its warmest about
Christmas.

La Nina (has also been called El Vejo, meaning old man): When the trade winds pick up again, stronger than normal
winds can push the warmer surface waters too far west, causing cold water to rush in to ﬁll its place. This restarts
the upwelling of cold water in the East Paciﬁc. This pushes the jet stream northward, leading to drought in the
South, while cooler, wetter climates in the Northern U.S., and an increase in Atlantic Hurricanes. It drops the
temperature above the Eastern paciﬁc by about 3-5 celsius, and typically persists for at least 5 months.
El Niño and La Niña alternately warm and cool large areas of the tropical Paciﬁc—the world’s largest ocean—which
signiﬁcantly inﬂuences where and how much it rains there. The primary location of moist, rising air (over the basin’s
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warmest water) is centered over the central or eastern Paciﬁc during El Niño and over Indonesia and the western
Paciﬁc during La Niña.This shift disrupts the atmospheric circulation patterns that connect the tropics with the
middle latitudes, which in turn modiﬁes the mid-latitude jet streams. By modifying the jet streams, ENSO can affect
temperature and precipitation across the United States and other parts of the world. The inﬂuence on the U.S. is
strongest during the winter (January-March), but it lingers into the early spring. La Nina gives SSTs (Sea Surface
Temperatures) in the eastern Paciﬁc below average, and air pressure high in the eastern Paciﬁc and low in the
western Paciﬁc. The ENSO cycle, including both El Niño and La Niña, causes global changes in temperature and
rainfall.

They both tend to develop during the spring (March-June), reach peak intensity during the late autumn or winter
(November-February), and then weaken during the spring or early summer (March-June). They are controlled by
the year-to-year variability in walker cell circulation. This is what the southern oscillation part is referring to.

LA NINA EVENTS

EL NINO EVENTS
Paciﬁc Decadal Oscillation (PDO)
The Paciﬁc Decadal Oscillation (PDO) is a robust, recurring pattern of ocean-atmosphere climate variability
centered over the mid-latitude Paciﬁc basin. The PDO is detected as warm or cool surface waters in the Paciﬁc
Ocean, north of 20°N. Over the past century, the amplitude of this climate pattern has varied irregularly at
interannual-to-interdecadal time scales (meaning time periods of a few years to as much as time periods of multiple
decades). There is evidence of reversals in the prevailing polarity (meaning changes in cool surface waters versus
warm surface waters within the region) of the oscillation occurring around 1925, 1947, and 1977; the last two
reversals corresponded with dramatic shifts in salmon production regimes in the North Paciﬁc Ocean. This climate
pattern also affects coastal sea and continental surface air temperatures from Alaska to California. During a "warm",
or "positive", phase, the west Paciﬁc becomes cooler and part of the eastern ocean warms; during a "cool" or
"negative" phase, the opposite pattern occurs. The Paciﬁc Decadal Oscillation was named by Steven R. Hare, who
noticed it while studying salmon production pattern results in 1997.
The PDO spatial pattern and impacts are similar to those associated with ENSO events. During the positive phase
the wintertime Aleutian low is deepened and shifted southward, warm/humid air is advected along the North
American west coast and temperatures are higher than usual from the Paciﬁc Northwest to Alaska but below
normal in Mexico and the Southeastern United States
Winter precipitation is higher than usual in the Alaska Coast Range, Mexico and the Southwestern United States but
reduced over Canada, Eastern Siberia and Australia. McCabe et al.showed that the PDO along with the AMO
strongly inﬂuence multidecadal droughts pattern in the United States, drought frequency is enhanced over much of
the Northern United States during the positive PDO phase and over the Southwest United States during the
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negative PDO phase in both cases if the PDO is associated with a positive AMO. The Asian Monsoon is also affected,
increased rainfall and decreased summer temperature is observed over the Indian subcontinent during the negative
phase.
Several studies have indicated that the PDO index can be reconstructed as the superimposition of tropical forcing
and extra-tropical processes. Thus, unlike ENSO (El Niño Southern Oscillation), the PDO is not a single physical
mode of ocean variability, but rather the sum of several processes with different dynamic origins.
The mixed layer depth over the North Paciﬁc is deeper, typically 100-200m, in winter than it is in summer and thus
SST (Sea Surface Temperature) anomalies that form during winter and extend to the base of the mixed layer are
sequestered beneath the shallow summer mixed layer when it reforms in late spring and are effectively insulated
from the air-sea heat ﬂux. When the mixed layer deepens again in the following autumn/early winter the anomalies
may again inﬂuence the surface. This process has been named "reemergence mechanism" by Alexander and Deser
and is observed over much of the North Paciﬁc Ocean although it is more effective in the west where the winter
mixed layer is deeper and the seasonal cycle greater.

Positive phase
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CALCULATIONS
BUOYANT FORCE= VOLUME*DENSITY*SPEED OF GRAVITY. A NEWTON OF WEIGHT IS ABOUT 1/9.80065 OF A
KILOGRAM. BUOYANT FORCE = MASS OF OBJECT DISPLACED.
Signiﬁcant wave height (Hs)- is deﬁned as the average height of the highest one-third waves in a wave spectrum.
Average wave height is calculated by taking signiﬁcant height and multiplying by 0.64. The height of the highest
10% of waves is calculated by 1.27*(Hs). The highest 1% of waves is calculated as 1.67*(Hs). The highest waves
possible are calculated as 2*(Hs).
THE SPEED OF ANY WAVE (LIKE TSUNAMIS) CAN BE CALCULATE BY THE SQRT OF [GRAVITY (9.81 m/sec^2) *
DEPTH OF THE WAVE]. 1 m/sec = 3.6 km/hr = 2.23694 mi/hr.
HYDROSTATIC PRESSURE IS CALCULATED AS P=hdg, where h is the depth of water, d is the density of water, and g
is the speed of gravity (9.81 m/sec^2). This gives pressure by pascals, and there are 6894.76 pascals in 1 psi, and
10000 pascals in 1 bar, and 101325 pascals in 1 atm. Also, there are 14.6959 psi in 1 atm. There are 760 mmHgs in 1
atm. (mmHg is the pressure exerted by 1 mm rise in a vertical column of Hg at 0 celsius).
The sensible heat of a thermodynamic process may be calculated as the product of the body's mass (m) with its
speciﬁc heat capacity (c) and the change in temperature (deltaT): Qsensible = mc*deltaT.
14.5 psi=1 atmospheric bar, 2 bars is found at about 10 meters under the water.
For every 33 feet down in water, 14.5 psi is added.
Acronyms:
CCD stands for Calcium Compensation Depth, it is the depth at which calcium carbonate becomes soluble. The
more acidic the water, the smaller the CCD is. Average is 4500 m. down.
MSL: Mean sea level
SST: Sea Surface Temperature
ITCZ: InterTropical Convergence Zone
ENSO: El- Nino Southern Oscillation
SONAR: Sound Navigation and Ranging
Unclassiﬁed: Ben Franklin was the ﬁrst to create an accurate diagram of an ocean current.
The surface area of the Earth is about 196.9 million miles squared (510 million square kilometers), volume is about
260 billion cubic miles. Circumference is 24,901 miles, diameter is 7,197.5 miles.
Volume of the oceans is about 1.35 billion trillion liters, or about 350 million trillion US gallons. The surface area of
the oceans is about 140 million square miles (360 million square kilometers.)
Tallest tsunami ever recorded was at the site of Lituya bay, in Southern Alaska, on July 9, 1958, and was 1720 ft. tall at
its highest. It was caused by a 7.8 magnitude earthquake which triggered a rockslide of 40 million cubic yards. The
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height of this wave was greatly increased since a majority of the force was focused into an inlet, whose small area
caused the large volume of water to rise in level.
TERMINOLOGY:
17

Maximum ratio of wave height to wavelength seen in the open ocean. Also known as wave steepness.

Abyssal Plain

A smooth, nearly ﬂat region of the deep ocean ﬂoor.

Abyssal Plains Flat parts of the ocean ﬂoor and ﬂattest parts of Earth.
Amphidromic Point A "no-tide" point in an ocean caused by basin resonances, friction, and other factors around
which tide crests rotate. About a dozen amphidromic points exist in the world ocean. Sometimes called a node.
Aphotic zone The part of the ocean beneath the photic zone, where light does not penetrate sufﬁciently for
photosynthesis to occur.
Asthenosphere region located directly below the lithosphere where mantle rocks are able to deform, change shape,
and ﬂow
Basalt

Rock type that composes most of the ocean ﬂoor

Benthos

Animals that live at the bottom of a body of water.

Break

Waves with a ratio greater than 1 7 will do this.

buoyancy

the power to ﬂoat or rise in a ﬂuid; relative lightness.

Capillary
These waves are the ﬁrst to form when the wind blows. Waves with a tiny wavelength less than
1.73cm. The restoring force is surface tension.
Capillary Waves
Clockwise

Small ripples with wavelengths less than 1.7 cm
Which direction do gyres ﬂow in the Northern hemisphere?

compressional seismic wave
Earth's layers

parallel seismic waves that compress and expand as they go through all of

Constructive interference

The addition of wave energy as waves meet producing larger waves.

Consumer

An organism that feeds on producers

continental margin
The transition zone between dry land and the ocean bottom. Includes the
continental shelf, continental slope, and continental rise
Continental Rise

The gently sloping surface at the base of the continental slope

Continental Shelf
of a continent

A gently sloping, shallow area of the ocean ﬂoor that extends outward from the edge

Continental Slope

The steep descent of the seabed from the continental shelf to the abyssal zone
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convection
from above.

density driven movement of material where there is either heating from below or cooling

Convergent Boundary

boundary where two lithospheric plates collide

core
the central part of the Earth consisting of an iron-nickel alloy. The outer portion of the core is liquid
and the inner core is solid.
Coriolis Effect Causes moving air and water to turn left in the southern hemisphere and turn right in the northern
hemisphere due to Earth's hemisphere.
Counterclockwise

Which direction do gyres ﬂow in the Southern hemisphere?

Countercurrents

Currents ﬂowing on surface in opposite direction to main currents.

crest

the top of a wave

crust

outermost layer of the Earth, composed of solid rock

Current

A large stream of moving water that ﬂows through the oceans.

Cyclone

A rotating storm that turns counterclockwise in the North, and clockwise in the south.

Decomposer
Deep

An organism that feeds on dying organisms
These waves move through water greater than 1/2 their wavelength.

density currents
Circulation pattern on the ocean that forms when a mass of more dense sea water
sinks beneath less dense sea water.
Depth

How to describe how deep something is

Destructive interference
Diurnal

The subtraction of wave energy as waves meet producing smaller waves.

This type of tidal cycle is found commonly in the Gulf of Mexico.

Divergent Boundary

boundary where two lithospheric plate spread apart (divide)

Doldrums
a period or condition of depression or inactivity; a part of the ocean near the equator
abounding in calms and squalls
earthquake

a sudden movement or motion in the solid Earth caused by the release of accumulated strain

Eastern
There are ﬁve of these boundary currents. They carry cold water towards the equator. These
boundary currents are shallow and broad with boundaries that are not well deﬁned. Eddies do not tend to form in
these boundary currents.
Ebb Current
trough approaches.
Eddy

Water rushing out of an enclosed harbor or bay because of the fall in sea level as a tide

A miniature whirlpool or whirlwind resulting when the current of a ﬂuid doubles back on itself
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Ekman Spiral surface winds drive surface currents, and each layer of water drags the layer below, but the Coriolis
Force changes each layer's direction slightly to make a spiral effect
epicenter

the point on Earth's surface directly above where an earthquake originated

Equator

Due to the warmth of the water, the molecules are slightly expanded in this region.

Estuary

Kind of wetland formed where a river meets the ocean

fault

a break in which one mass of rock is displaced (moved) in relation to another mass of rock

Fetch

Area over which a wave-generating wind blows

Fjord
A glacial valley or glacial trough found along the coast that is now ﬁlled with a mixture of fresh water
and seawater.
Flood Current water rushing into an enclosed area because of the rise in sea level as a tide crest approaches
Food Web

Relationships between plants and animals of a biome having to do with what they eat.

Geostrophic Gyres

Gyres in balance between gravity and the Coriolis Effect.

Gravity
These waves have a wavelength greater than 1.73cm. The restoring force is gravity and momentum.
Wind waves are one example of these waves.
Guyot
level.

A large, ﬂat-topped seamount resulting from erosion of an island volcano when it was above sea

gyre
A large, nearly circular system of wind driven surface currents that center around latitude 30
degrees in both hemispheres, or circular ﬂow pattern of water caused by deﬂection of water by continents and the
ocean basin.
Halocline

A layer of water in which there is a rapid change of salinity with depth

Headland

A part of the shore that sticks out into the ocean

high tide

the highest point on shore that the ocean reaches (occurs when the sun and moon are in line)

Horse Latitudes
a belt of calm air and sea occurring in both the northern and southern hemispheres between
the trade winds and the westerlies.
Intertidal Zone

the area between the high-tide and the low-tide mark.

lithosphere

the rigid outer portion of the Earth comprised of the crust and upper part of the mantle

Long

Waves with long wavelengths move the fastest.

Longshore Drift
shore at an angle
low tide

The movement of water and sediment down a beach caused by waves coming in to

the time of low water.
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Low Tides

Low water position corresponding to a tidal trough

Lunar Day

24 hours 50 mins

Lunar Tide

Tide caused by gravitational and inertial interaction of the moon and Earth.

mantle the zone within Earth that is located between the crust and core
Marine organism
Mid-ocean Ridge

any living thing in an ocean
An underwater mountain chain where new ocean ﬂoor is formed.

mid-ocean ridges
A large system of underwater mountains that have a deep crack, called a rift valley
running through their center
Neap
These tides occur when the earth, moon and sun are at right angles. These tides result in little
variation in the height of tides. Lowest tidal range occurring near the times of the ﬁrst quarter and third quarter
phases of the moon
Nekton

Animals that are free to swim through the water column.

Neuritic Zone The area from low-tide to the edge of the continental shelf.
Open-Ocean Zone

the area of the ocean beyond the edge of the continental shelf.

Ophiolite
Ophiolites are pieces of oceanic plate that have been thrusted (obducted) onto the edge of
continental plates.
Orbit
Phytoplankton
ecosystems

Nearly friction free transfer of energy from molecule to molecule in a circular path.
Microscopic, free-ﬂoating, autotrophic plant organisms that function as producers in aquatic

Plankton

Almost microscopic algae and animals that are carried by current and waves.

Plate

One of the major parts in Earth's outer crust layer.

Plunging Wave A breaking wave in which the upper section topples forward and away from the bottom, forming
an air-ﬁlled tube.
Poles
region.

Due to the cold temperature of the water, the water molecules are slightly closer together in this

Producer

An organism that gets its food from light

Progressive Wave
A wave of moving energy in which the wave form moves in one direction along the surface of
the transmission medium.
Pycnocline

A layer of water in which there is a rapid change of density with depth

Pytheas
Greek astronomer and navigator who ﬁrst wrote about the connection between moon and the
height of the tide.
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Rogue Wave
Salinity

A single wave crest much higher than usual caused by constructive interference.
A measure of the amount of dissolved salts in a given amount of liquid

Seaﬂoor Spreading
ocean ﬂoor.

A phenomenon in which Earth's plates split apart causing more rock to erupt to the

Seamounts
An underwater mountain rising from the ocean ﬂoor and having a peaked or ﬂat-topped
summit below the surface of the sea.
Seiche
The sloshing back and forth of water that is conﬁned to a small space like a bucket or swimming pool
or in semi-enclosed bodies of water such as lakes, bays or harbors.
Seismic Sea Wave
Tsunami caused by displacement of earth along a fault. (Earthquakes and seismic sea
waves are caused by the same phenomenon.)
seismograph

an instrument that detects and records seismic activity

Semidiurnal

This type of tidal cycle is found commonly in the Atlantic and Paciﬁc Oceans.

Shallow

These waves move through water shallower than 1/20 their wavelength

shear seismic wave
the solid layers of Earth.

perpendicular seismic waves that move in a side to side manner as they pass through

Slack Water

a time of no current, occurs at high and low tides when current change direction

Solar Tides

caused by the gravitational and inertial interaction of the sun and earth

Sonar

A device that determines the distance of an object under water by recording echoes of sound waves.

Southern Oscillation atmospheric pressure conditions corresponding to the periodic warming of El Nino and
cooling of La Nina
Spilling Wave A breaking wave whose crest slides down the face of the wave.
Spring
These tides occur when the earth, moon and sun (moon at new or full) are in a straight line. These
tides are a time of greatest variation between high and low tides.
Standing Wave
a wave in which water oscillates without causing progressive wave forward movement. there
is no net transmission of energy in a standing wave
Subduction
Submarine Canyon
Submersible
pressure.

a point where one lithospheric plate slides beneathe another lithospheric plate
Deep, V-shaped valley cutting across the continental shelf and slope
Underwater vehicle used in ocean exploration that is well constructed to withstand

Surf beat
A result of constructive and destructive interference that is seen on shore when waves do
not all appear with a uniform size. Some are larger, some are smaller.
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Surface Currents
These transfer heat from tropical to polar regions, distribute nutrients, scatter
organisms and inﬂuence weather and climate.
Surging Wave A wave that surges ashore without breaking.
Sverdrup

This measurement of volume of water ﬂow is equal to 1 million metres cubed per second.

Swell

mature wind waves of one wavelength that form orderly undulations of the ocean surface

Thermocline
lakes
Tidal Bore

A narrow stratum of rapid temperature change in the ocean and in many temperate-zone

A high, often breaking wave generated by a tide crest that advances rapidly up an estuary or river.

tidal current

a current produced by tidal forces.

Tidal Datum

The reference level (0.0) from which tidal height is measured.

Tidal Range

is the difference in height between successive high and low tides

Tides
the regular rise and fall of the ocean's surface inﬂuenced by the moon's gravity pulling on earth. The
fastest moving waves
Tombolo

A ridge of sand that connects an island to the mainland or to another island

Transform Boundary boundary where two lithospheric plates slide past one another
Transitional

These waves travel through water deeper than 1/20 but shallower than 1/2 their wavelength

Transverse
In these boundary currents, the ﬂow is from East to West or West to East. They link eastern
and western boundary currents. The West Wind Drift is an example of this type of boundary current.
Trench
Tsunami

Deepest part of the sea ﬂoor
a long high sea wave caused by an earthquake, submarine landslide, or other disturbance.

Turbidity Current
A down-slope movement of dense, sediment-laden water that rapidly transports
large amounts of sediment from the shelf to the sea ﬂoor
Undercurrents

Countercurrents beneath surface currents. Can inﬂuence conditions at the ocean surface.

Upwelling
winds

The movement of deep, cold, and nutrient-rich water to the surface of an ocean by offshore

Water pressure

The weight that water pushes downwards

wave
swell.

a disturbance on the surface of a liquid body, as the sea or a lake, in the form of a moving ridge or

Wave

a moving ridge on the surface of the water

Wave crest

highest part of a progresive wave
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Wave diffraction

Bending of waves around obstacles.

wave fetch
constant direction

Wind fetch is deﬁned as the unobstructed distance that wind can travel over water in a

Wave Frequency

Number of waves passing a ﬁxed point per second. Calculated as 1/wave period.

Wave Height

Vertical distance between a wave crest and an adjacent wave trough

wave motion
propagation of disturbances-that is, deviations from a state of rest or equilibrium-from place
to place in a regular and organized way.
wave period
For a wave, the speed is the distance traveled by a given point on the wave (such as a crest)
in a given period of time
Wave reﬂection
energy.

The reﬂection of progressive waves by a vertical barrier. Reﬂection occurs with little loss of

Wave refraction

Slowing and bending of progressive waves in shallow water.

wave surf

The waves of the sea as they break upon a shore or reef.

wave swell

Swell is the collection of waves moving away from a storm in the ocean.

Wave Trains

Progressing groups of swell with the same origin and wave length are known as this.

Wave trough

lowest part of a progressive trough

wavelength

distance between two crest or troughs of a wave

Wavelength

Horizontal distance between two consecutive wave crests or wave troughs

Western
These are the fastest ﬂowing boundary currents. These boundary currents move warm water from
the equator towards the poles. The Gulf Stream is an example of this type of boundary current. These boundary
currents are narrow and deep and have sharp boundaries. Eddies can form.
Wind
These waves tend to be less than 3m high, and have wavelengths between 60 - 150m in the ocean.
Surface currents are powered by the sun and this
Wind Strength
development.
Zooplankton

The length of time the wind blows, the fetch and this are three factors that affect wind wave

small free-ﬂoating animals that form part of plankton that feed on marine algae.
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